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War  Department,  Ordnance  Office, 

•  Wiwhingtonj  October  10,  1878. 

The  Ilou.  Secretary  of  War  : 

Sir  :  I  have  the  honor  to  submit  the  foUowing  rei)()rt  of  the  i)riiicii)al 
operations  of  the  Ordnance  Depaitnient  dimng  the  fiscal  year  ended 
Jane  30,  1878,  with  such  remarks  and  recommendations  as  the  interests 
of  this  bitinch  of  the  mihtarj-  service  seem  to  require. 

The  fiscal  ivsoiures  and  exjienditures  of  the  depai-tment  during  the 
year  were  as  follows,  viz : 

Amonnt  in  tli**  TrfnKiiry  t«  tlio  credit  of  ai)]»ropnatioii.s  on  Jam*  JIO,  1»<77.        $5^5, 356  79 

Amount  in  tli*'  Trea«uiy  not  reported  to  the  cre<lit  of  appropriutiouH  on 

June.lO,  1H77 3,919  99 

Amount  in  govenuiient  depoHit<»riert  to  tlie  eredit  of  di.s1iur8iiig-ofl[leer8 

and  otherw  on  June  30,  1>*77 194, 236  88 

Amount  of  ap)>ropriationH  for  the  w*rvice  of  the  fiscal  year  ended  June 

30,  1H78 1,136,004  48 

Amount  refunded  to  oi*dnanoe  appro])riations  in  settling  aceoimts  dur- 
ing the  fiaeal  year  ended  June  30,  it^8 6,393  25 

OroAH  amount  n^'eivtsl  during  the  fiKcal  year  ended  June  30,  1H7H,  from 
fiales  to  offii-ers ;  from  rents ;  from  collections  from  troops  on  account 
of  loNHeA  of,  or  damaj^e  to,  ordnance  stores;  from  Chicago,  Rock  Island 
and  Pacific  Railroa<l  Company ;  fi*om  exchange  of  })owder ;  from  sales 
of  condemned  stores;  and  from  all  other  sources  not  before  ntentioned.         115, 900  16 

Total 1,481,811  55 

Amount  of  exjK*nditures  during  the  fiscal  year  ended  June  30,  lf*7H, 
including  exjienses  attending  sales  of  condemned  stores,  exchange  of 
powder,  etc 1 , 1  -<??,  5>^  82 

Amount  in  the  Treasury  not  reported  to  the  credit  of  the  appropriations 
on  June  ',)0,  1877,  since  covered  in  during  year  ended  June  30,  1878,  as 
procee<ls  of  sales 120  75 

Amount  dei>osited  in  the  Treasury  during  the  fiscal  year  ended  June  30, 

1878,  as  procee<l8  of  sales  of  goveniment  property 12, 057  32 

Amount  lapsed  in  the  Treasury  from  the  appropriatiim  **  Ordnance  mate- 
rial" under  act  of  March  3, 1875,  during  the  fiscal  year  ended  June  30, 
1878 3  21 

Amount  transferred  from  ordnance  appropriations  in  settling  accounts 

during  the  fiscal  year  ended  June  30,  1878 476  82 

Amount  in  government  depositories  to  the  credit  of  disbui*siug-ofl[icers 

and  others  on  June  30,  1878 161,134  72 

Amonnt  in  the  Treasury  not  reported  to  the  credit  of  appropriations  on 

June  30,  1878 19,034  95 

Amount  in  the  Treasury  to  the  credit  of  appropriations  on  June  ;W,  1878.        100, 402  96 

Total 1,481,811  55 


IV  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

The  stations  and  duties  of  the  officers  and  storekeepers  of  the  depart- 
ment on  the  1st  of  October,  1878,  were  as  follows,  viz :  ♦  2  at  the  Ord- 
nance Office,  War  Department;  So  at  the  arsenals;  8  at  the  ordnance 
agency,  on  the  oninance  board  and  foundery  duty;  9  at  the  headquar- 
ters of  military  divisions,  departments,  and  ordnance  dejwts;  3  at  the 
Military  Academy;  2  on  detached  duty;  4  on  leave  of  absence  (3  sick). 

Since  my  last  report  3  officers  have  died  and  1  has  been  placed  on  the 
retired  list,  while  2  have  entered  tlie  corps  from  the  line,  under  the  pro- 
visions of  existing  law,  after  passing  a  competitive  examination. 

ARSENALS  AND  DEPOTS. 

The  duties  at  the  several  arsenjds  and  the  armory  during  the  past 
year  have  been  performed  in  a  satisfactory  manner,  and  exi)enditures 
have  been  judiciously  and  economically  made.  The  continuation  of  the 
erection  of  buildings  at  the  Rock  Island  Arsenal  has  been  prosecuted 
satisfactorily  to  the  extent  of  the  appropriation,  under  the  sui)ervision 
and  control  of  Major  Flagler,  commanding.  The  manufacture  of  leather 
and  carriage  work  at  the  Watervliet  Arsenal,  under  Colonel  Hagner,  and 
of  ammunition  at  the  Frankford  Arsenal,  under  Major  AMiittemore,  have 
sustained  their  well-deserved  reputation.  The  general  service  of  supply- 
ing the  different  branches  of  the  military  establishment  has  been  per- 
formed by  the  officers  of  the  department  in  their  usual  commendable 
manner. 

Upon  the  recommendation  of  this  office,  the  law  for  the  e^stablishment 
of  ordnance  depots  (section  1165  Revised  Statutes)  has  been  vitalized, 
and,  under  the  direction  of  the  Seci'etary  of  War,  deiK)ts  have  been  estab- 
lished at  Fort  Abraham  Lincoln,  Fort  Leavenworth,  Fort  Yuma,  and 
Cheyenne.  The  piincipal  object  of  these  depots  is  to  place  a  reserve  sup- 
ply of  stores  in  a  convenient  locality,  under  the  immediate  control  and 
command  of  the  department  commander,  for  the  supply  of  his  own  troops, 
and  it  is  believed  that  through  such  an  instrumentality  the  supplying  of 
the  Army  in  distant  portions  of  the  country  can  be  done  more  expedi- 
tiously and  perfectly. 

s:mall-arms. 

Only  $100,000  were  appropriated  for  the  manufacture  of  small-arms 
at  the  National  Armory  during  the  last  fiscal  year.  On  the  1st  instant 
there  were  in  store  as  a  reserve  supply  15,900  rifles,  6,685  carbines,  total, 
22,585  arms  of  the  latest  model.  I  have  submitted  an  estimate  of 
$900,000  for  the  manufacture  of  arms  during  the  next  fiscal  year.  The 
necessity  for  an  aceumulation  of  arms  of  the  latest  pattern  has  been  so 
often  discussed,  has  received  such  practical  application  on  the  part  of 
other  countries,  that  a  further  reference  to  it  in  this  report  would  be  a 
work  of  supererogation.    The  moral  effect  of  a  large  supply  of  arms  in 

"*  In  this  Btatemeut  some  officers  are  counted  twice,  owing  to  the  nature  of  their  du- 
ties.    For  a  detailed  statement  see  Appendix  G. 
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readinei^s  for  use  is  always  entirely  disregarded  in  the  discussion  of  the 
subject.  To  be  prepared  for  immediate  hostilities  is  a  quiet  power,  which 
must  enter  largely  as  an  important  factor  in  the  determination  of  inter- 
national questions  that  may  or  may  not  lead  to  war,  and,  as  such  power, 
it  is  worth  all  the  money  exi)ended  in  its  production.  The  argument  so 
frequently  used,  that  the  gim  of  to-day  will  probably  be  superseded  by 
a  superior  invention  a  few  years  hence,  and  the  expense  of  to-day  be 
money  thrown  away,  might  be  used  with  equal  force  and  i)ertinence  re- 
specting any  article  of  manufacture  whatever.  But  the  present  ai>proved 
aim  cannot  be  rendered  worthless  by  the  introduction  of  an  improved 
weapon,  because  as  long  as  small-arms  are  fired  from  the  shoulder  and 
the  propelling  force  is  guni>owder,  the  caliber  of  gun  and  dimensions  of 
cartridge,  now  regulation,  will  not  be  changed,  and  the  improvement  will 
only  consist  in  more  rapid  manipulation  and  increased  rax)idity  of  fire. 
As  a  case  exactly  in  iK)int,  the  Board  on  Magazine  Guns  has  recom- 
mended a  gun  for  trial  in  the  hands  of  troops  that  is  an  imi)rovement  on 
the  present  Springfield  arm  only  in  its  ability  to  empty  its  magazine  of 
cartridges  in  one-half  the  time  that  the  same  number  of  shots  could  be 
fired  by  the  latter.  Used  as  an  ordinary  breech-loader,  its  advantages, 
if  any,  are  not  material  or  worth  consideration,  and  yet  its  use  as  a 
single  breech-loader  will  be  its  normal  condition,  the  increased  rapidity 
of  the  magazine-feeding  being  reserved  for  great  emergencies.  Such  a 
gtui,  if  approved  and  adopted,  in  a  few  years  will  not  render  the 
Springfields  that  may  be  on  hand  worthless.  I  therefore  hope  that  Con- 
gress may  be  liberal  in  its  appropriation. 

As  a  military  weapon  the  Springfield  rifle  continues  to  hold  its  own 
for  close  shooting,  and  its  recent  record  at  Creedmoor  is  not  an  unex- 
I>ecte<i  sequence  to  its  success  in  the  "  inter-State  military  ^  match  of  last 
year.  At  the  meeting  at  Creedmoor  last  month,  in  the  Army  and  Navy 
Jonnial  match,  the  U.  S.  Engineer  Battalion  team,  armed  with  the 
Springfield  rifle,  took  the  first  prize,  valued  at  $750,  distance  fired  500 
yardrt ;  and  in  the  short-range  match,  distance  200  and  300  yards,  the 
first  prize  was  awarded  to  the  Springfield  Armory  Eifle  Club  team — fif- 
teen teams  competing. 

Magazine-ffun. — ^The  act  making  appropriations  tor  the  8Ui>port  of  the 
Army  for  the  year  ending  June  30, 1878,  and  for  other  i)uri>oses,  approved 
November  21, 1877,  contains  this  i)rovision : 

For  manufacture  of  arms  at  the  National  Armory,  oue  hundred  thousand  dollars ; 
aad  should  a  board  of  ordnance  officenB,  appointed  by  the  Secretary  of  War,  recommend 
a  magazine-i^in  for  the  military  service,  the  Secretary  of  War  is  authorized  to  expend 
not  more  than  twenty  thousand  dollars  of  this  amount  in  its  manufacture. 

In  conformity  with  this  law,  a  board  convened  by  the  Secretary  of 
War  assembled  at  the  National  Armory,  Springfield,  Mass.,  on  the  3d 
day  of  April,  1878,  to  consider  and  recommend  a  magazine-gim,  should 
one  be  found  suitable  for  the  military  service.  The  board  consisted  of 
Lient.  Col.  J.  G.  Benton,  Ordnance  Department;  Maj.  F.  H.  Parker, 
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Ordnance  Department;  Maj.  J.  P.  Farley,  Ordnance  Department j  First 
Lieut,  (now  Capt.)  J.  E.  Greer,  Ordnance  Department,  Recorder. 

All  i)ei'sons  interested  in  magazine-giins  were  invited  to  submit  sampler 
and  appear  in  person,  under  such  rules  as  might  be  adopted  by  the 
board ;  the  arms  submitted  to  be  caliber  0".45,  and  use  the  United  States 
service  cartridge.  .  The  widest  circulation  was  given  to  this  order  through, 
the  newspapers  for  over  three  months,  that  all  persons  interested  in  suclx 
an  arm  might  have  the  time  and  opportunity  to  prepare  for  the  trial. 
The  period  during  which  arms  could  be  submitted  was  afterward  ex- 
tended to  the  31st  August,  so  that  parties  interested  had  eight  months 
in  which  to  prepare  and  submit  their  inventions. 

The  rei>ort  of  the  board  is  herewith  submitted.  It  recommended  the 
Hotchkiss  magazine-guny  and  upon  my  recommendation  the  Secretary  of 
War  has  approved  the  action  of  the  board,  and  of  the  expenditure  under 
the  law  of  $20,000  in  its  manufacture.  When  we  take  into  consideration 
the  many  months  of  patient  labor  devoted  to  this  subject  by  so  competent 
a  board,  and  that  its  investigations  were  presided  over  by  Lieutenant 
Colonel  Benton,  whose  great  expert  knowledge  and  high  scientific  attain- 
ments are  known  and  acknowledged  throughout  the  profession,  there  can 
be  no  doubt  that  the  conclusion  amved  at  will  receive  general  approval. 

INFANTRY  EQUIPMENTS. 

In  October,  1877,  I  had  the  honor  of  addresssing  a  communication  to 
the  Secretary  of  War  in  the  matter  of  the  infantry'  and  cavalry  equipments 
that  had  been  recommended  by  boards  of  infantry  and  cavalry  officers, 
and  suggesting  that  such  modifications  or  changes  as  might  have  been 
found  by  recent  field  experience  to  be  absolutely  necessary  be  ascertained 
and  approved.  With  this  object  in  \iew,  it  was  recommended  that  the 
subject  be  brought  to  the  attention  of  the  General  of  the  Army  and  the 
commanding  generals  of  the  Departments  of  the  Platte,  Dakota,  and 
Columbia,  for  such  suggestions  and  recommendations  as  experience  in 
the  field  w^ould  justify. 

Beports  from  all  the  headquarters  were  obtained,  and  the  results  of 
the  combined  reeommendations  were  embodied  in  a  system  of  infantry 
equipments  that  met  the  approval  of  the  General  of  the  Army.  One 
thousand  sets  have  been  made,  on  his  suggestion,  and  issued  for  trial. 
If  they  meet  with  approval  in  the  hands  of  the  troops,  they  will  make  a 
saving  on  each  set  of  $4.23  on  the  cost  of  those  now  used. 

ARMAMENT  OF  FORTIFICATIONS. 

For  this  purjwse  an  estimate  of  $950,000  ha«  been  submitted  for  the 
next  fiscal  year,  and  the  hope  is  indulged  in  that  Congress  will  be  liberal 
in  its  appropriation. 

There  are  but  two  manufacturing  establishments  in  this  country  having 
the  facilities  and  experience  necessary  for  the  conversion  of  gims  on  the 
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plan  adopted.  These  are  the  West  Point  Fonndery,  Cold  Spring,  N.  Y., 
and  the  South  Boston  Fonndery,  Mass.,  both  of  which  have  done  fonndery 
work  for  the  government  since  the  commencement  of  the  century.  As 
in  all  probability  we  will  have  to  depend  on  these  establishments  in  the 
future,  the  department  ought  to  be  in  condition  to  keep  them  in  sufficient 
orders  to  preserve  the  plant  and  mechanical  skill  without  loss  to  the 
companies.  Irre8i)ective,  however,  of  any  consideration  of  persons  or 
profit,  the  present  urgent  wants  of  our  forts  for  armament,  and  the  im- 
possibility of  supplying  it  except  by  a  slow  and  careftU  process  incompat- 
ible with  the  rush  of  events  in  impending  war,  the  economy  of  working 
at  present  prices,  besides  giving  the  idle  mechanic  the  privilege  of  labor- 
ing for  his  bread,  all  appeal  to  Congress  for  a  large  x>6rmanent  annuiil 
appropriation  for  this  national  necessity. 

The  12i'ineh  rifle  was  completed  and  mounted  at  Sandy  Hook  during 
the  past  year.  It  has  been  fired  only  twenty-four  rounds  with  charges 
varying  fipom  60  to  120  pounds  powder,  and  shot  weighing  600  to  700 
pounds.  The  rejwrt  herewith  shows  that  with  115  pounds  powder  and 
700-pound  shot,  it  gave  a  velocity  of  1,485  feet,  with  pressure  of  33,500 
X)ounds  to  the  square  inch ;  a  very  satisfactory  result,  and  comparing 
favorably  with  results  obtained  in  other  countries  with  guns  of  the  same 
caliber.  To  the  length  of  bore  and  the  excellent  character  of  our  pow- 
der and  projectile  may  be  attributed  its  superiority,  if  any,  over  others. 
While  unable  to  make  an  exact  comparison  between  this  gun  and  those 
used  abroad  as  to  capacity  for  work,  because  of  diflferences  in  charges 
of  powder  and  weights  of  projectiles,  the  following  favorable  indications 
may  be  noted:  The  English  25-ton  gun,  with  85  pounds  powder  and 
600-pound  shot,  has  given  450  foot-tons  le^s  energy  than  ours ;  Krupp's, 
with  88  pounds  powder  and  664-i)ound  shot,  has  given  1,254  foot-tons 
less  than  our^ ;  the  Italian,  with  110  poimds  powder  and  770-pouud  shot, 
has  only  given  about  400  foot-tons  more  than  ours.  Our  gun  uses  only 
80  pounds  powder  and  600-pound  shot.  With  110  pounds  powder  and 
700-pound  projectile  our  American  rifle  yields  9,551  foot-tons,  an  energy 
about  as  great  as  given  by  any  gun  known  using  this  charge,  and  de- 
cidedly superior  to  the  Knipp  and  Italian  using  heavier  charges. 

The  few  rounds  fired  have  developed  no  weakness  in  any  of  its  parts^ 
and  its  further  trial  should  be  prosecuted  without  delay,  as  it  is  of  the 
greatest  importance  to  fully  test  in  this  higher  nature  the  principles  of 
construction  which  have  realized  for  us  so  signal  a  success  in  guns  of 
smaller  caliber.  The  trial  of  a  gun  of  this  size  is  an  expensive  business, 
as  each  fire  costs  about  one  hundred  dollars ;  but  our  coast  defenses 
demand  these  monster  rifles,  and  the  necessary  trial  guns  cannot  be 
tested  for  endurances  for  less  money. 

A  lO'inch  rifle  converted  from  a  13-inch  smoothbore  Eodman  has 
been  fired  thirty-three  rounds  satisfactorily,  and  now  awaits  ftirther 
trial,  when  means  are  available. 

The  plan  of  conversion  heretofore  followed  is  known  as  the  muzzle- 
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insertion,  the  coiled  wrought-iron  tnbe  lining  being  inserted  from  the 
muzzle.  Defective  welds  in  the  coils  are  the  only  elements  of  weakness^ 
but  these  defects  axe  grave,  as  it  is  impossible  always  to  detect  them  ia 
the  manufacture  of  the  tubes.  The  dragging  effect  of  the  shot,  as  it 
passes  through  the  bore  under  the  great  propelling  force  of  the  powder, 
is  liable  to  pull  the  tube  apart  at  a  defective  weld,  and  disable  the  guu. 
This  can  be  guarded  against  by  inserting  the  lining  frmn  the  breech  and 
shouldering  the  tube  in  front  of  the  trunnions,  thus  preventing  acci- 
dents at  those  points  along  the  bore  subjected  to  the  severest  strains. 
An  8-inch  rifle  so  converted — breech  insertion — ^has  been  fired  over 
seven  hundred  rounds  ^^dth  battering  charges,  and  remains  in  a  sound 
and  8er\iceable  condition,  showing  its  entire  success.  The  erosions  and 
developments  of  welds  being  less  than  in  guns  with  muzzle  insertions, 
are  also  favorable  indications  5  and  this  plan  will  be  used  in  tuture  con- 
versions. 

The  fact  that  we  can  utilize  our  10-inch  smooth-bore  guns  and  produce 
effective  and  reliable  8-inch  rifles  being  now  fiiUy  estabUshed,  the  efforts 
of  the  department  are  naturally  and  necessarily  directed  to  the  further 
application  of  conversion  in  order  to  provide  more  powerful  lifles  by 
utilizing  oiu*  15-inch  smooth-bores,  now  our  only  dependence  for  coast 
positions  requiring  the  heaviest  armament.  Plans  for  the  production  of 
an  ll'inch  rifle  by  the  conversion  of  a  15-inch  smooth-bore  have  already 
been  subuutted  and  received  your  ai)proval.  A  successftil  test  of  such 
^  giui  will  show  that  we  can  procure  at  a  very  moderate  cost  a  rifle  of 
largely  increased  power,  having  at  2,000  yartls  an  energy  at  least  fifty 
per  cent,  greater  than  the  smooth-bore  from  which  it  springs,  and  which 
it  is  designed  to  improve.  At  1,500  yards  the  shot  would  penetrate  11.2 
inches  of  hon,  while  the  smooth-bore  shot  would  onl^'  penetrate  7.5 
inches. 

Breech-loading  S-inch  rifle, — In  my  report  of  1876,  I  remarked  that — 

What*?vor  differences  of  opinion  may  exist  as  to  the  relative  merits  and  efflcieDcy  of 
muzzle  and  hirt'vh  loading  cannon  of  large  caliber  (the  former  being  exclusively  used 
in  England,  the  latter  almost  universally  adopted  on  the  continent  of  Europe),  there 
can  be  no  question  that  iu  casemated  works  the  latter  system  possesses  obvious  and 
j)aramount  advantages,  such  advantages  as  are  generally  admitted  in  determining  on 
the  proper  annament  for  shijis  of  war.  The  subject  has,  therefoi^,  not  escaped  the 
attention  of  this  department,  and  the  Botu'd  on  Experimental  Guns,  of  date  the  10th 
June,  1875,  "  recognizing  breech-loading  rides  for  casemate  service  to  be  a  great  de- 
sideratum, believed  that  a  i>ortion  of  the  appropriation  should  Vie  expended  in  this 
direction,"  and  recommended  "  that  a  sufficient  sum  be  used  for  the  conversion  of  two 
10-iuch  smooth-bore  Hodman  cast-iron  guns  into  8-inch  bixjech-loading  rifles,"  submit- 
ting at  the  same  time  specific  i>lans  of  alteration,  &c.  The  want  of  funds  available 
for  the  purjMwe  prevented  any  action  thereon,  but  experiments  to  determine  the  feasi- 
bility of  converting  some  of  our  smooth-bore  Rodmans  into  breech-loading  rifles  should 
be  undertaken  at  an  early  day. 

Since  that  time  an  8-mch  breech-loadiug  rifle  has  been  made  bj-  lining 
a  10-hich  smooth-bore  with  a  steel-jacketed  coiled-wrought-iron  tube  in- 
serted from  the  breech,  the  jacket  being  prolonged  to  the  rear,  thus 
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adapting  it  to  receive  its  round  wedge  fermeture.  It  lias  been  fired 
thirty -four  rounds  with  batt^iring  charges,  and  now  awaits  further  trial. 
Its  thorough  trial  is  a  matter  of  grave  importance,  as  its  success  will 
show  our  ability  to  engraft  the  thoroughly  tested  and  approved  system 
of  fermeture^  made  famous  by  Krupp,  upon  our  converted  cast-iron  guns, 
and  afford  strong  evidence  that  we  can  use  it  in  any  desired  original 
breech-loading  construction  of  cast  iron,  and  for  the  heaviest  caliber. 

Experimental  guns, — On  the  15th  Ai)ril,  1878, 1  had  the  honor  to  recom- 
mend an  appropriation  of  $117,600  for  the  trial  of  experimental  guns 
procured  by  this  department  under  the  law  of  June  6,  1872.  My  recom- 
mendation, with  the  report  and  detailed  estimate  of  the  Ordnance  Board, 
received  your  approval,  and  was  submitted  to  Congress  favorably  in- 
dorsed.   No  action  was  taken  ux)on  it. 

These  guns  were  prepared  several  years  ago,  upon  the  recommendation 
of  a  board,  and  under  a  specific  provision  of  law.  On  the  20th  January, 
1875,  the  President  sent  a  special  message  to  Congress  on  the  subject  of 
armament  of  fortificiitions,  inclosing  a  special  report  from  the  Chief  of 
Ordnance,  and  recommending  $250,000  "  for  proving-ground  and  experi- 
ments and  tests  of  heavy  ordnance."  In  that  report  I  stated  that  the 
guns  "  designated  by  a  board  of  officers  appointed  by  the  Secretary  of 
War  ♦  •  will  probably  be  ready  for  trial  in  the  early  spring.''  "  Funds 
necessary  for  this  pui-pose  should  be  appropriated.''  When  the  sundry 
civil  bill  was  under  discussion  in  the  House,  the  President's  message 
and  my  report  were  quoted,  from  in  favor  of  an  appropriation  for  testing 
these  guns,  but  the  House  refrised  to  make  an  appropriation.  In  my 
annual  report  of  1876, 1  again  called  special  attention  to  this  subject. 
During  the  last  session  another  effort  was  made,  as  above  stated,  and 
amendments  covering  the  estimate  were  submitted  in  both  Senate  and 
House,  but  no  appropriation  was  made.  This  matter  is  again  brought 
to  the  attention  of  Congress,  in  the  hope  that  the  necessary  fimds  will 
be  given  for  these  very  important  trials. 

Fuses. — The  war  having  left  us  with  all  sorts  of  fuses,  but  with  no  sin- 
gle one  exhibiting  any  marked  superiority  over  all  others,  it  was  deemed 
of  the  first  importance  to  carry  out  a  course  of  experiments,  and  make  a 
thorough  investigation  of  the  subject.  The  Ordnance  Board  has,  from 
time  to  time,  made  trials  of  the  varieties  on  hand,  and  of  new  devices 
presented  by  inventors.  Its  detailed  report  is  submitted.  While  no  de- 
•cided  superiority  in  favor  of  any  one  has  been  established,  much  has  been 
•done  in  clearing  the  field  of  examination  of  those  without  merit,  and  con- 
fining future  studies  and  trials  to  narrower  limits. 

The  machine  gun  as  an  auxiliary  ann  is  an  established  fact  in  all 
armies,  and  the  interest  that  has  attended  the  success  of  the  Gatling  gun 
during  the  past  decade  has  stimulated  invention  in  that  direction,  so  that 
many  new  devices  have  been  pressed  upon  the  attention  of  this  depart- 
ment for  trial  and  recognition.  The  last  two  tried  by  the  Ordnance 
Board  at  Sandy  Hook  were  the  Lowell  Battery  Gun,  caliber  .45'',  and 
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the  Taylor  Battery  Gun,  caliber  .43'',  and  the  reports  are  herewitim 
submitted. 

Of  the  Lowell,  the  board  was  so  well  impressed  with  the  merits  of  tli^ 
^n  as  to  recommend  that  a  number,  with  all  the  latest  imx)rovements^ 
be  procured  for  trial  in  the  field  in  comparison  with  the  Gatlings  now  iut 
service. 

Of  the  Taylor,  while  commending  the  ingenuity  of  its  construction,  th^ 
board  did  not  approve  of  its  feeding  arrangement,  which  \iill  requiro^ 
material  modification  and  improvement  before  any  further  action  can  b^ 
taken. 

I  cannot  close  this  summing  up  without  commending  the  most  valua- 
ble labors  and  services  of  the  members  of  the  Ordnance  Board — Colonels^ 
Crispin,  Treadwell,  and  Baylor,  and  Captain  Phipps,  recorder — in  the 
many  important  matters  committed  to  them  for  investigation  and  deter- 
mination.  In  an  especial  manner  do  I  wish  to  give  fiill  measure  of  credit 
to  Lieut.  Col.  S.  Crispin,  for  his  distinguished  services  as  Constructor  of* 
Ordnance.  To  his  large  practical  experience,  great  technical  knowledge^ 
clear  and  comprehensive  intellect,  do  I  attribute,  in  a  marked  degree,  the 
decided  success  that  has  crovvned  our  endeavors  in  iini)roving  the  arma- 
ment of  our  coast. 

POWDER  MILL  AND  DEPOT. 

I  again  renew  my  recommendation  for  an  appropriation  of  $100,000 
for  the  establishment  of  a  powder  mill  for  the  manufacture  of  gun- 
powder,  and  a  depot  for  its  storage  and  preservation.  Our  principal 
storage  room  is  found  in  damp  and  unsuitable  magazines  and  casematea 
of  our  forts,  where  the  gimpowder  deteriorates  very  rapidly.  Well-con- 
structed magazines  in  a  proper  locality  would  in  a  few  years  save  the 
cost  of  their  ere(!tion  by  preventing  this  deterioration  and  loss. 

ORDNANCE  NOTES. 

I  have  the  honor  to  invite  attention  to  several  interesting  papers 
herewith,  on  instruments  and  material  used  by  the  department,  on  ex- 
periments, investigations,  and  discussions  in  connection  with  gunnery, 
and  other  matters,  which  give  an  insight  into  the  labors  of  the  depart- 
ment and  the  variety  of  subjects  that  come  within  the  field  of  study  of 
an  ordnance  officer. 

These  papers  have  been  selected  as  of  importance  to  the  service,  and 
I  desire  to  give  proper  credit  to  Majors  Lyford  and  Farley,  Captain 
McKee,  Lieutenants  Metcalfe,  Smith,  Lyle,  and  Russell,  for  such  valua- 
ble contributions. 

LIEUTENANT  LYLE'S  REPORT  ON  LIFE-SAVING  APPARATUS,  ETC. 

Early  in  1875  the  Secretary  of  the  Treasury  applied  for  assistance  ia 
prosecuting  experiments  for  improving  the  life-saving  apparatus  used 
in  this  country,  then  under  the  charge  of  Capt.  J.  H.  Merr>'man,  U.  S* 
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Revenue  Marine.  On  my  recommendation,  the  Secretary  of  War  di- 
rected that  the  Board  on  Experimental  Guns,  then  in  session  in  New 
York,  be  charged  with  this  duty,  the  experiments  to  be  conducted  at 
Sandy  Hook,  N.  Y.  Their  many  important  and  special  duties  not  ad- 
mitting of  as  close  an  application  to  this  matter  as  its  importance  and 
the  exigencies  of  its  service  demanded,  it  was  decided  to  place  the  en- 
tire subject  in  charge  of  one  officer  as  a  special  service.  In  June,  1877, 
Lieut,  D.  A.  Lyle,  Ordnance  Department,  was  "specially  assigned  to 
this  duty,''  and  his  very  interesting  and  valuable  report  is  herewith 
submitted. 

The  objectB  of  these  experiments  are  aH  foUows :  To  extend  the  range  of  the  shot- 
line  ;  to  determine,  if  possible,  the  proper  form,  caliber,  and  kind  of  gun  or  mortar 
best  suited  for  life-saving  purposes ;  to  reduce  the  weight  of  such  apparatus  to  the 
minimum  amount  consistent  with  efficiency ;  to  secure  a  shot-line  of  such  size,  material , 
and  strength  as  wiU  be  most  valuable  ;  to  determine  the  kind  and  quantity  of  pow- 
der to  be  used,  and  the  charges  that  can  be  emx)loyed  with  safety  for  the  Hcveral  lines ; 
to  secure  the  best  form  and  size  of  faking-box;  and  to  find  the  best  relative  positions 
for  the  fakiug-box  and  the  gun. — Superintendent  KhnbalVs  Report  of  1877  on  Lifesaring 
beTfctce* 

While  Lieutenant  Lyle  lays  little  claim  to  any  great  originality  in  the 
improvements  and  changes  suggested,  his  abiUty,  industry,  and  research 
have  accomplished  much  of  present  great  value,  and  which  will  materi- 
ally aid  in  future  experiments  and  development.  The  extraordinary 
range  attained  by  him  with  his  improved  shot  and  line  of  694f  yards  is 
greater  than  any  range  heretofore  obtained  either  in  this  country  or 
abroad.  It  gives,  me  great  gratification  to  be  able  to  record  so  much 
success  in  so  short  a  period,  by  an  officer  whose  attention  was  first 
drawn  to  this  new  field  of  research  but  twelve  months  ago.  This  de- 
partment is  now  super\ising  the  construction  of  guns,  carriages,  faking- 
boxes,  &c.,  and  I  have  reason  to  believe  that  the  assistance  already 
rendered  to  the  Life-sa\ing  Service  is  deemed  of  sufficient  value  to  justify 
its  continuance. 

MILITIA. 

Article  1,  section  VIII,  of  the  Constitution  empowers  Congress  "  to 
provide  for  organizing,  arming,  and  disciplining  the  militia,'^  &c. 
The  Revised  Statutes,  section  1661,  provide  that — 

The  annual  sum  of  two  hundred  thousand  dollars  is  appropriated,  to  be  paid  out  of 
any  money  in  the  Treasury  not  otherwise  appropriated,  for  the  purpose  of  providing 
arms  and  equipments  for  the  whole  body  of  the  militia,  either  by  purchase  or  manu- 
facture, by  or  on  account  of  the  United  States. — Act  of  23d  Aprilj  1808. 

The  latest  published  returns  of  the  militia  force  give — 

Oiganized 93,697 

Unorganized 3,734,693 

The  present  annual  appropriation  of  $200,000  is  insufficient  to  provide 
the  arms  and  equipments  necessary  to  encourage  the  formation  of  new 
organizations,  and  to  keep  the  organized  force  in  proper  condition.  This 
amount  ought  to  be  largely  increased.    New  organizations  ought  to  be 
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encouraged  aud  fostered  by  every  means  i)088ible.  The  whole  body  of 
the  militia  ought  to  be  organized  and  disciplined  as  the  Constitution 
provides  it'  should  be,  and  ample  provision  should  be  made  for  arming 
'and  equipping  new  organizations  as  rapidly  as  they  are  formed.  Until 
the  militia  is  thus  placed  on  a  proper  footing,  in  condition  to  be  effi- 
ciently handled  when  called  out,  a  standing  army  of  some  magnitude 
cannot  be  dispensed  with.  This  matter  deserves  and  should  receive  the 
serious  attention  of  Congress. 

The  act  approved  Maix^h  3,  1875,  provides  that,  under  certain  condi- 
tions, credits  be  given  to  the  several  States  and  Territories  for  the  siuiis 
charged  to  them  respectively  for  arms,  &c.,  which  were  issued  to  them 
between  January  1, 18G1,  and  April  9, 1865,  and  charged  against  their 
quotas  under  the  law  for  arming  and  equipping  the  militia.  It  is  made 
the  duty  of  the  Secretary  of  War  to  refuse  a  credit  "  if  he  shall  find 
that  any  of  said  arms  or  oixbiance  stores  have  been  sold,'^  &c.  At  the 
close  of  the  war  some  of  the  States  sold  portions  of  the  anns,  &c.,  iii 
their  possession,  realizing  but  a  portion  of  the  values  charged  agauist 
them  on  the  books  of  this  oifice.  The  arms  ought  not,  in  my  opinion,  to 
have  been  charged  to  the  States  on  their  quotas,  but  should  have  been 
accounted  for  as  issues  to  the  Army,  and  the  loss  of  values  should  have 
fallen  on  the  United  States.  It  seems  to  me  that  these  charges  against 
individual  States  ought  to  be  removed,  and  that  the  spirit  of  the  law  of 
1875  be  extended,  so  as  to  permit  credits  to  be  given  States  for  the  dif- 
ference between  the  prices  charged  and  the  prices  realized  from  sale.  I 
TCspectfiUly  recommend  a  modification  of  the  act  of  March  3, 1875,  iu 
this  regard. 

During  the  last  fiscal  year  the  following  arms  were  issued  under  the 
law  of  July  3,  1876,  i)roviding  for  certain  issues  to  the  Territories  and 
States  Iwrdering  thereon :  Oregon,  300  arms,  10,040  cartridges ;  Idaho, 
2,000  rifles,  100,000  cartridges ;  and  under  the  same  act  (since  1st  July), 
and  during  the  recent  Indian  disturbances  in  that  section  of  country,  to 
Oregon  613  arms,  72,928  cartridges. 

The  act  of  May  16, 1878,  and  joint  resolution  of  June  7, 1878,  inci'eased 
the  number  of  arms  permitted  to  be  issued  to  the  Territories  by  the  act 
of  1876  from  500  to  2,000,  with  necessary  ammunition.  The  provision 
of  these  laws  enabled  this  department,  during  the  recent  Indian  troubles, 
to  issue  to  Washington  TeiTitory  1,372  rifles,  87,462  cartridges. 

Colleges. — Section  1225  Revised  Statutes,  as  amended  by  act  of  July 
5, 1876,  authorizes  the  issue  of  arms,  artillery,  &c.,  to  colleges  where  an 
officer  of  the  Army  has  been  detailed,  the  number  not  to  exceed  thirty, 
&c.  The  law  calls  for  material  modifications.  There  should  be  more 
permanency  in  the  detail,  and  in  the  institution  that  is  to  receive  these 
benefits.  A  college  that  is  to  be  provided  with  an  officer  and  arms 
should  be  specially  designated  by  the  legislature  of  the  State  interested, 
and  service  at  a  college  ought  not  to  be  optional,  but  be  considered  a 
military  duty  to  which  all  officers  are  liable.    Governmental  supervision 
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and  inspection  of  these  colleges  to  the  extent  of  the  military  training^ 
discipline,  and  study,  should  be  a  condition  attached  to  the  acceptance 
of  the  lil>erality  of  the  general  government.  The  providing  of  officers 
and  arms  makes  these  colleges,  in  a  sense,  a  portion,  and  a  very  import- 
ant portion,  of  the  military  establishment,  because  of  the  direct  influence 
they  wiU  exercise  over  the  efficiency  of  the  militia ;  supplying,  as  they 
will,  from  year  to  year,  a  number  of  competent  instructors  in  all  that  is 
necessary  to  make  men  good  soldiers,  and  keeping  alive  the  military 
spirit  of  the  nation  through  the  enthusiasm  of  the  young.  I  recom- 
mend that  Congress  be  asked  for  further  legislation  on  this  subject. 

LAIDLEY'S  CAVALRY  FORGE. 

Upon  the  intimation  of  the  Cavaby  Board  that  a  cavalry  forge  for 
that  service  was  a  necessity,  one  was  devised  by  Col.  T.  T.  S.  Laidley, 
Ordnance  Department,  and  manufactured  at  the  Watertown  Arsenal 
under  his  personal  supervision.  Being  sent  into  the  field  for  trial — a 
smithshop  on  wheels — ^its  merits  and  capacity  were  proved  so  conclu- 
sively, during  a  summer's  hard  campaign  with  a  large  command  having 
many  animals  and  wagons,  that  Colonel  Merritt,  Fifth  Cavalry,  asked 
that  one  be  issued  to  each  company  of  the  regiment.  Last  January 
twelve  were  ordered  to  be  made,  and  in  May,  by  direction  of  the  Gen- 
eral of  the  Array,  they  were  distributed  among  the  regiments  of  cavalry. 
Since  then  others  have  been  called  for,  and  are  now  being  manufactured 
for  issue. 

HOTCHKISS  MOUNTAIN   BREECH-LOADINa  RIFLE. 

Early  in  1876,  Colonel  Miles,  Fifth  Infantry,  suggested  that  a  light 
field-gun  weigldng  less  than  500  pounds  be  provided  for  ser\ice  on  the 
plains,  to  replace  the  obsolete  mountain  howitzer.  Tlie  subject  was 
submitted  to  the  Ordnance  Board  for  consideration,  with  the  remark 
**  that  a  rifled  gun,  probably  a  breech-loader,  that  can  travel  with  cav- 
alry, and  has  an  effective  shell  range  beyond  that  of  rifled  small-arms, 
not  less  than  1,500  yards,  would  probably  meet  the  requirements  of  the 
service."  While  under  consideration,  Mr.  B.  B.  Hotchkiss  presented 
for  examination  and  trial  a  light  breech-loading  rifle  that  gave  promise 
of  efficient  service  on  the  frontier,  and  fulfill  the  conditions  of  mobility^ 
range,  and  accuracy.  One  was  procured  and  issued  to  the  Department 
of  Dakota  in  1877,  and  used  in  the  field  that  summer.  It  weighs  IIG 
pounds,  audits  caliber  is  1.65  inches.  It  uses  a  charge  of  6  ounces  pow- 
der, and  a  percussion  shell  weighing  2  pounds.  While  many  defects  in 
its  mechanism,  and  in  the  carriage  and  ammunition,  have  been  pointed 
out  after  the  experience  of  a  campaign,  showing  that  modifications  are 
desirable  to  add  to  its  effectiveness,  it  did  excellent  work.  I  am  in- 
formed that  Colonel  Miles  expressed  himself  as  satisfied  that  it  had 
rendered  efficient  service,  and  was  a  valuable  weapon.  With  all  its 
defects,  others  have  been  called  for,  and  the  five  now  in  possession  of 
the  department  will  be  issued  to  the  troops. 
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CLERICAL  FORCE. 

Attention  is  re6i>ectftilly  in\ited  to  my  estimate,  again  made,  asking 
for  six  clerks  in  addition  to  the  present  clerical  force  of  this  bureau. 

This  estimate  conforms  to  the  number  and  grades  for  which  appro- 
priation was  made  for  the  fiscal  year  ending  June  30, 1876,  which  force 
was  barely  sufficient  to  transact  the  business  of  this  office  promptly  and 
efficiently. 

The  present  clerical  force  is  insufficient  to  transact  the  business  which 
by  law  is  devolved  on  this  office.  At  this  time  over  four  thousand  pro])- 
erty-returns  remain  unsettled.  This  delay  in  the  examination  and  adjust- 
ment of  the  property  accountability  of  officers  of  the  Army  is  often  the 
cause  of  injustice  to  officers  and  of  pecuniary  loss  to  the  United  States. 
Other  important  office  work  is  also  delayed. 

To  give  some  idea  of  the  clerical  work  done  in  this  office  during  the 
past  twelve  months,  the  following  statement  is  submitted: 

Number  of  cash  accounts  of  disbursing  officers  examined  and  forwarded  to  the 

accounting  officers  of  the  Treasury  for  settlement 219 

Number  of  property  returns  examined 2,567 

Number  of  property  returns  audited  and  closed 1,770 

Number  of  requisitions  received  from  the  Army  and  act-ed  upon 1,428 

Number  of  report*  received  from  the  annory,  arsenals,  and  the  Aniiy,  on  manu- 
facture, trials,  and  test-s  of  war  materials,  &c.,  and  acted  uinm 2y725 

Number  of  letters  received 19,641 

Number  of  letters  written  and  sent 18,995 

Number  of  orders  sent  to  the  various  arsenals  for  the  issue  of  supx)lies 1,849 

Number  of  blanks,  public  documents,  and  other  printed  matter  for  the  use*  and 

information  of  the  military  establishment,  &c.,  prepare<l  and  distribut-ed. . .  35,554 

This  office  is  divided  into  three  diWsions,  each  requiring  a  clerk  of 
great  experience  and  knowledge  in  charge,  and  the  chiefs  of  these  divis- 
ions have  been  and  should  now  be  graded  and  paid  as  fourth-class  clerks- 

I  have  the  honor  to  submit  the  following  papers,  heretofore  referred 
to: 

Appendix  A, — Statement  of  principal  articles  procured  by  purchase 
and  fabrication  at  the  arsenals  during  the  year  ended  June  30,  1878, 

Appefulix  B. — Statement  of  ordnance,  ordnance  stores,  &c.,  issued  to 
the  military  establishment,  exclusive  of  the  militia,  during  the  year  ended 
June  30,  1878. 

Appendix  C. — Apportionment,  for  the  fiscal  year  ended  June  30,  1878, 
of  the  annual  appropriation  of  $200,000  for  arming  and  eqiupping  the 
militia,  under  sections  1661  and  1667  Revised  Statutes. 

Appendix  B. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  the  militia  from  July  1,  1877,  to  June  30,  1878,  under  section  1667 
Revised  Statutes. 

Appetidix  U, — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  colleges  from  July  1, 1877,  to  June  30,  1878,  under  section  1225  Re- 
vised Statutes. 

Appendix  F. — Statement  of  ordnance  stores,  &c.,  distributed  to  the 
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Territories  and  States  bordering  thereon,  from  July  1,  1877,  to  June  30, 
1878,  under  the  joint  resolutions  of  July  3,  1876;  March  3,  1877  j  March 
9  and  June  7,  1878. 

Appendix  G, — Showing  stations  and  duties  of  the  oflfieers  of  the  Ord- 
nance Department  on  the  30th  of  June,  1878. 

Appendix  H. — Electrical  interrupter. 

Appendix  L — The  application  of  formulas  and  general  tables  to  prob- 
lems in  practical  gunnery. 

Appendix  K. — Manufacture  and  classification  of  leather. 

Appendix  Z. — European  rifled  siege  howitzers  and  mortars. 

Appendix  M. — Penetrating  jwwer  of  projectiles. 

Appendix  y» — ^Recoil  dynamometers. 

Appendix  NK — ^Tests  of  lubricants  for  machinery. 

Appendix  JV*. — Tests  of  cartridge  metals. 

Appendix  0. — Anomalies  of  small-arm  practice. 

Appendix  P. — Life-saving  apparatus. 

Appendix  Q, — Report  of  the  Onlnance  Board  on  the  experimented  guns 
procured  under  act  of  July  6,  1872,  with  estimate  for  their  exhaustive 
trial,  a«  contemplated  by  law. 

Reports  of  the  Constructor  of  Ordnance,  viz : 

Appendix  R. — Construction  of  12.25-inch  muzzle-loading  rifles. 

Appendix  E^. — 10-inch  muzzle-loading  rifle,  converted. 

Aj^endix  B?, — Converted  8-inch  muzzle-loading  rifle,  breech  insertion 
of  tube. 

Appendix  B?, — Converted  8-inch  breech-loading  rifle,  round  wedge 
fermeture. 

Appendix  R*, — Carriage  for  8-inch  breech-loading  rifle  (altered  from 
a  barbette  carriage  for  10-inch  smooth-bore  gun). 
Reijorts  of  the  Ordnance  Board,  viz : 

Appendix  S. — ^Trial  of  the  Lowell  battery  gun,  calil)er  .45". 

Appendix  8^ — Trial  of  the  Taylor  battery  gun,  caliber  ,43''. 

Appendix  8*, — ^Trial  of  various  fuses,  with  description  thereof. 

Appendix  8^. — Trial  of  8-inch  muzzle-loading  rifle,  breeeh  insertion  of 
tube. 

Appendix  8*. — Trial  of  the  12.25-inch  rifle. 

Appendix  8^. — ^Trial  of  the  10-inch  muzzle-loading  rifle,  No.  1. 

Appendix  8^. — ^Trial  of  the  8-inch  breech-loading  rifle. 

Appendix  T. — ^Report  of  the  Board  of  Officers  convened  in  conformity 
with  the  act  of  November  21, 1877,  to  select  a  magazine-gun  for  the 
military  service. 

1  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  V.  BEXfiT, 
Brigadier- Oeneral^  Chief  of  Ordnafwe. 


APPENDIX  A. 

SMement  of  principal  articles  procured^  hy  fabrication  at  the  arsenals  and 
by  purchase,  during  the  year  ending  June  30,  1878. 

Class  I. 

17  Gatling  guus,  caliber  .45,  5  barrels,  short. 

11  Gatling  guiis,  caliber  .45,  10  barrels,  long. 
1  Lowell  battery  gun,  caliber  .45. 

1  12.25-incli  rifled  gun. 
39  coiled  wrought-iron  tubes  for  8-incli  converted  rifles. 

Class  II. 

36  carriages  and  limbers  for  Gatling  guns,  caliber  .45. 
53  tripods  for  Gatling  guns,  caliber  .&. 

12  cavalrj-  forges,  Laidley's. 

Class  III. 

10  buckets,  various. 
2, 145  feed-case«  for  caliber  .45  Gatling  guns. 
1, 000  feed-tubes  for  Lowell  battery  gun. 

42  gun-covers,  various. 

30  handspikes,  trail. 
286  panlins,  12  by  15  feet. 

4  pauUns,  20  by  30  feet. 

1  pendulum  haiisse,  3-inch. 

6  punches  for  pendulum  hausses. 

2  qnoins. 

2  rammers  and  staves  for  8-inch  rifle. 
100  securing  stakes. 
42  sponges  and  rammers,  various. 

5  sponges  and  staves,  various. 
22  sights  for  cannon,  various. 

6  cannon-spikes. 

7  tangent  scales. 
102  tompions,  various. 

41  vent-pieces. 

12  fuse-plug  wrenches. 

24  parts  of  artillery  imx)lements. 

Classes  IV  and  V. 

50  6-|)ounder  shot,  fixed. 

25  6-pounder  case. 

46  I2-i)ounder  shells,  fixed. 

25  12-pounder  case. 
vU8  24-pounder  howitzer  shells,  fixed. 
500  1.65-inch  Hotchkiss  shells. 

1  OBO 
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25  3-inch  Butler  shells. 
200  Sinch  Hotchkiss  sheUs. 
1, 100  3-iueh  Hotchkiss  case. 
1, 150  3-inch  Hotchkiss  canister. 
1,005  3-inch  Sawyer  canister. 

•  50  3.15-inch  shells. 

25  3.5-inch  Butler  shot. 
25  3.5-inch  Butler  shells. 

•  50  3.67-inch  Hotchkiss  canister. 
.    10  4.5-inch  Hotchkiss  canister. 

11  4.5-inch  Sawyer  canister. 
202  8-inch  Butler  shot. 
5  8-inch  Dennet  shot. 
23  8-inch  experimental  shot. 
15  8-inch  exx)erimental  canister. 
20  8-inch  Sawyer  canister. 
50  10-incli  Butler  shot. 
30  12.25-inch  Butler  shot. 

Class  VI. 

2, 000  Springfield  carbines,  caliber  .45. 

9, 954  Springfield  rifles,  caliber  .45. 

1, 050  Springfield  "  cadet"  rifles,  caliber  .45, 

1  Springfield  officer's  rifle,  caliber  .45.- 

2  Schofield's  Smith  and  Wesson  revolvers,  caliber  .45. 

Class  VII, 

2, 702  sets  infantry  equipments. 

100  graduated  felt  saddle-cloths. 
10, 005  saddle-blankets. 

3, 000  curry-combs. 

2, 922  sets  knives,  forks,  and  spoons. 

7, 875  meat-ration  cans. 
18, 552  appendages  for  small-arms. 

Class  vm. 

26^  358  cartridge-bags,  filled,  various. 
3, 949, 451  rifle  ball-cartridges,  caliber  .45. 
766, 200  carbine  ball-cartridges,  caliber  .45. 
786, 202  revolver  ball-cartridges,  caliber  .45. 
106, 800  revolver  blank-cartridges,  caliber  .45. 
1, 000  rifle  ball-cartridges,  caliber  .50,  experimental. 
33, 700  lead  balls,  caliber  .45. 
10, 000  pounds  English  pebble  powder. 
90, 300  pounds  hexagonal  powder. 
1, 952  pounds  rifle  powder. 
2, 110  electric  cannon-primers. 
121, 750  friction-primers. 

162  fiises,  experimental,  various. 
600  signal-shells. 
5, 000  cartridge-primers,  experimental. 
200  fiise-plugs,  brass. 
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Class  IX. 
108  blocks,  various. 
82  chocks,  various. 
1  cradle  for  lO-incli  gun. 
1  gun-rest. 

1  hand-cart. 

2  intrenching  tools. 

8  platforms  for  mortars. 

7  platforms  for  siege-carriages. 
30  rollers,  various. 
43  shifting-planks. 

1  set  staging-planks  for  gun-lift. 
16  skids. 

2  sheaves  for  siege-gin. 
28  trunnion-rings. 

1  truck,  Ball's  improved. 
5  hydraidic  jacks. 

38  loading-cranes. 

2  i)oles  for  sling-carts. 
1  wheel  for  sling-cart. 

Class  X. 

938  sabots,  various. 

300  tin  straps,  various. 

340  plugs  for  trowel-bayonets. 
33, 624  spare  parts  for  small-arms. 
97, 750  parts  of  infantry  equipments. 
2, 880  parts  of  cavalry  accouterments. 
52, 285  parts  of  horse  equipments. 
32, 085  cartridge-bags,  empty,  various. 
26, 000  cartiidge-shells,  caliber  .45,  exx)erimental. 

Miscellaneous. 

644  arui-chests. 
3, 775  boxes,  packing,  wood. 

648  boxes,  i>acking,  tin. 
1,001  bolts  and  nuts,  various. 
96, 444  pounds  barrel-molds. 
1, 488  tin  cans. 

3  cartridgegauging  machines. 
1  cartridge-heading  machine. 

1  cartridge-stamping  machine. 
3  cartridge- weighing  machines. 

1  bullet-making  machine. 

2  bullet-lubricating  machines. 
1  drilling  machine. 

1  groo\ing  machine. 

1  cutter  grinding  machine. 

1  chain-link  machine. 

1  milling  machine. 

1  metal-testing  machine. 

1  oil-testing  machine. 

1  machine  for  making  canteen-rings. 

1  mortising  machine. 

1  hydraulic  punching  machine. 

1  cold-pressing  and  stami>ing  machine. 
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1  screw-slotting  machine. 
1  slotting  machine. 
1  shaping  machine. 

1  recoil  d^Tiamometer. 

2  lathes. 

3  sets  standard  gauges  for  cartridges. 
13  sample-boards,  various. 

1  star-gauge,  ring,  and  points. 
1  ring-gauge. 
162  boxes  leather  blacking. 
3, 000  pounds  harness-oil. 
5  gallons  lacquer. 
215  cast-iron  heating-stoves,  for  quartermaster's  department. 
1  tool-chest,  armorer's. 
32  pounds  black  wax. 
24, 892  pounds  white  lead. 
10,  701  pounds  paint. 
2, 709  sides  leather. 
25, 593  pounds  leather. 
27, 650  i)ounds  rope,  twine,  and  thread. 
292, 557  pounds  iron  beams. 
78, 448  x)ounds  sheet-copper. 
2, 810  tons  coal. 
6, 480  tools  and  utensils. 
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APPENDIX  B. 

Statement  of  ordnance,  ordnance  Btores,  &c,  issued  to  the  military  establish- 
ment  (exc^t  the  militia)  during  tlie  fiscal  year  ended  June  30,  1878. 

Class  I. 

3  Gatling  guns,  caliber  .45,  long  barrel. 
10  Gatling  guns,  caliber  .45,  short  barrel. 

2  Gatling  guns,  caliber  .50. 
2  Gatling  guns,  caliber  1  inch. 
15  3-inch  riSed  guns. 

1  6-pounder  bronze  gun. 

7  12-i)ounder  bronze  guns. 

2  12-i>ounder  mountain  howitzer. 

4  24-pounder  Ccehom  gun. 

Class  II. 

10  carriages  for  short  barrel  Gatling  gun, 

7  carriages  and  limbers  for  long  barrel  Gatling  gun. 
2  caissons  and  limbers  for  Gatling  gun. 

2  3-inch  carriages,  without  limbers. 
12  3-inch  carriages  and  limbers. 

6  3-inch  caissons  and  limbers. 

2  4J-inch  carriages  and  limbers. 
1  6-pounder  carriage  and  limber. 

8  12-pounder  carriages  and  limbers. 

1  12-i)ounder  i)rairie  carriage  and  limber. 
4  12-pounder  mountain  howitzer  carriages. 

2  8-inch  siege  howitzer  carriages. 

0  limbers  for  12-iK)under  carriage. 
4  24-pounder  mortar  beds. 

1  mortar- wagon. 

11  cavalry  forges,  Laidley's. 

2  portable  forges. 
1  traveling  forge. 

Class  III. 

3  baskets  for  mortar  implements. 
24  sponge  buckets. 

35  tar  buckets. 

98  watering  buckets. 

1  breech-sight  for  6-pounder  gun. 

1  breech-sight  for  12-pounder  mountain  howitzer. 

7  front-sights  for  3-inch  gun. 

6  front-sights  for  12-i)ouiider  gun. 
3  front-sight  covers. 

1  front-sight  tap  for  12-pounder  mountain  howitzer. 
14  forge-buckets. 

7  fuse-blocks. 
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15  fuse-cutters. 

2  fiise-extractors. 
6  fuse-gauges. 

10  fiise-goufifes. 
12  fiise-mallets. 

G  fuse-plug  reamers. 

9  fuse-plug  wrenches. 

8  fuse-saws. 

4  fuse-setters. 
21  fuse-wrenches. 

1  gunner's  calii)er8. 
38  gunner's  gimlets. 

9  gunner's  haversacks. 

3  gunner's  levels. 

16  gunner's  i)incers. 

4  gunner's  quadrants. 
6  gunner's  sleeves. 

117  handspikes. 

20  sets  artillery  harness,  2  horses,  lead. 
12  sets  artillery  harness,  2  horses,  wheel. 

10  sets  harness  for  two  horses,  short  barrel  Gatling  gun. 

6  sets  harness  for  mountain  howitzer. 
72  harness  sacks, 

74  lanyards. 

11  pack  saddles  and  bridles,  complete. 
26  paulins,  5  by  5  feet. 

5  x)aulins,  6  by  10  feet. 
74  paulins,  12  by  15  feet. 

2  i)endulum  hausses,  6-pounder  gun. 

12  pendulum  hausses,  12-pounder  gun. 
19  pendulum  hausses,  3-inch  gun. 

29  pendulum  hausse  pouches. 
18  i)endulum  hausse  seats. 

4  pinch  bars. 

77  priming  wires. 
24  prolonges. 

1  quoin. 

8  ranmiers  and  staves,  8-inch  gun. 
46  sponge  covers,  3-inch  gun. 

5  si)onge  covers,  6-i)ounder  gun. 
34  sponge  covers,  12-pounder  gun. 

15  sponge  covers,  12-pounder  mountain  howitzer. 

21  sponge  covers,  10-inch  gun. 

8  sponge  covers,  24-pounder  Coehorn  mortar. 
68  sponges  and  rammers,  3-inch  gun. 

7  sponges  and  rammers,  6-pounder  gun. 
33  sponges  and  ranuners,  12-pounder  gun. 

10  sponges  and  rammers,  12-i>ounder  mountain  howitzer. 

8  sponges  and  rammers,  24-pounder  Coehorn  mortar. 

4  sponges  and  staves,  3-inch  gun. 
8  sponges  and  staves,  8-inch  gun, 

5  sx)onges  and  staves,  10-inch  gun. 

3  sponges  and  stoves,  15-inch  gun. 
8  tangent  scales. 

1  telescope  sight  for  heavy  gun. 
67  thumbstalls. 
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29  tompious,  S-inch  gun« 

23  tompions,  12-poimder  gun, 
4  tompions,  12-pouuder  mbontaiu  howitzer. 

1  tompiou,  lOO-pomider  Parrott  gun. 
10  tompions,  8-inch  gun. 

17  tompions,  10-inch  gun. 

12  tompions,  15-inch  gun. 

4  tompions,  24-pounder  Coehom  mortar. 
28  tow  hooks. 
34  tube  pouches. 

38  vent  covers. 

46  vent  pieces,  field  gun. 
31  vent  punches. 

6  vent  plug  taps. 

4  wipers  for  mortars. 
27  worms  and  staves. 

13  adjusting  screw  wrenches. 

13  clamps  for  worm  gear. 
3  drifts. 

954  feed  cases. 

30  Catling  gun  covers. 

2  gear  extractors. 

2  holders  for  wiping  rods. 
16  pin  wrenches. 

14  rear  guide  nut  wrenches. 

39  screw  drivers. 

2  screw  drivers  and  fork  wrenches. 
13  shell  drivers. 

2  shell  extracting  rods. 
20  wiping  rods. 

Classes  IV  and  V. 

50  6-pounder  shot. 

25  6-iK>under  case. 

25  6-pounder  canister. 
125  12-pounder  shot. 
525  12-i)0under  shell. 
1,204  12-i)ounder  case. 
1, 002  12-pounder  canister. 
280  24-iK)under  shell. 
200  8-inch  sh6t. 

50  8-inch  shell. 

50  8-inch  canister. 
100  15-inch  shot. 
100  15-inch  shell. 
236  3-inch  shot. 
1, 140  3-inch  shell. 
623  3-ineh  case. 
520  3-inch  canister. 
100  30-pounder  shot. 
100  30-iK>under  shell. 
200  4i-ineh  shell. 
100  100-pounder  shot. 
100  100-pounder  shelL 
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Class  VL 

Mtizzle'loliding» 

835  Springfield  rifle-muskets,  caliber  .58- 
2  smooth-bore  muskets. 
10  rifle-muskets,  caliber  .54. 

Breech-loading. 

143  Shari>s'  carbines,  caliber  .50. 
100  Sharps'  carbines,  caliber  .52. 

41  Springfield  carbines,  caliber  .50. 
764  Springfield  carbines,  caliber  .45. 
512  Springfield  rifles,  caliber  .50. 
1,172  Springfield  rifles,  caliber  .45. 

5  double-barreled  shot-guns,  cleaned  and  repaired. 

24  Eemington  revolvers,  caliber  .44. 
410  Colt's  revolvers,  caliber  .44. 
658  Colt's  revolvers,  caliber  .45. 
182  Schofield's  Smith  and  Wesson  revolvers,  caliber  .45. 

14  artillery  sabers. 
271  cavalry  sabers. 

6S  musician's  swords. 

56  non-connnissioued  officer's  swords. 

27  liflemen's  knives. 
605  trowel  bayonets. 

Class  VIL 

55  artillery  saber-belts. 

55  artillery  saber  belt-plates. 

142  carbine  cartridge-boxes. 
963  carbine  cartridge  pouches. 

2, 154  carbine  slings. 
2, 225  carbine-sling  swivels. 
1, 343  pistol-cartridge  pouches. 
3, 482  pistol  holsters. 

558  saber  attachments. 
1, 687  saber  belts. 
1, 687  saber-belt  plates. 
106  saber  knots. 

5  sets  of  infantry  equipments. 
39  leather  bjiyonet  scabbards. 
1, 490  steel  bayonet  scabbards. 
634  trowel  bayonet  scabbards. 
98  brace  yokes. 
10, 315  canteens  and  straps. 

143  cap  pouches. 

5, 049  cartridge-boxe^,  caliber  .45. 
177  cartridge-boxes,  caliber  .50. 

39  cartridge-boxes,  caliber  .58. 
354  cartridge  boxes,  Xo.  1. 
409  cartridge  boxes,  No.  2. 

39  cartridge  box  belts. 

39  cartridge  box  belt-plates. 

39  cartridge  box  plates. 


REPOBT  OP  THE  CHIEF  OF  ORDNANCE. 

249  cartridge  loops, 
1, 001  carrying  braces. 
4, 358  clothing  bags. 
2, 768  coat  straps. 
8, 490  forks. 

211  frogs. 
3, 560  gon  slings. 
6,821  haversacks. 
20  knapsacks. 
8, 496  knives. 
10, 201  meat  cans. 

3  musician's  steel  sword-scabbards. 

731  scabbards  for  intrenching  tools. 

390  shoulder  braces. 
8, 489  si)oons. 

5  sword  belts  and  plates,  non-commissioned  officer's. 
7, 288  tin  cups. 

313  valises. 

616  valise  straps. 

56  waist-belts  and  plates,  non-commissioned  officer's. 
2, 564  waist-l>elts,  private's. 
2, 559  waist-belt  plates,  private's. 

43  ball  screws. 
1, 172  brush  wipers  and  thongs. 

316  headless-shell  extractors. 
3, 364  screw  drivers. 

121  spring  vises. 

ti3i2  tumbler  punches. 

188  wiping  rods. 
82  wij^ers. 
2, 378  bridles,  curb. 
1, 352  bridles,  watering. 

^351  carbine-sockets. 

♦>30  cnipi)ers. 
0, 141  curry-combs. 

200  forage-sacks. 
3, 489  girths. 
7, 138  halters  and  straps. 
11, 223  hoi'se-brushes. 

144  horse-covers. 
10, 735  lariats. 
2, 297  Unks. 
7, 453  nose-bags. 
4, 600  picket-pins. 
1. 190  saddles,  leather  covered. 
3, 236  sad<lle-bags. 
1, 458  saddle-blankets,  artillery. 
5,973  siiddle-blankets,  cavalrv. 

563  saddle-cloths,  felt. 
6, 158  side-lines. 
6,495  spurs. 
7, 841  sjmr-straps. 
4,3i>2  surcingles. 
2, 270  stirrui>s. 

3  stimii)s  with  guidon  sockets. 
2, 315  stirrup  straps. 
79  sweat  leathers. 
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Class  vni. 

S3IALL-ARM  AMMUNITION. 

Paper  cartridges. 

901, 600  ritle  ball-cartridges,  caliber  .58. 

11, 000  rifle-ball  cartridp^es,  caliber  .54. 
126, 000  carbine  ball-cartridges,  caliber  .52. 

69, 500  revolver  ball-cartridges,  caliber  .44. 
3, 000  revolver  blank  cartridges,  caliber  .44. 

Metallic  cartridges, 

5, 000  Gatling  ball-cartridges,  caliber  1  inch. 
2, 000  Gatling  canister-cartridges,  caliber  1  inch. 
191, 400  rifle  ball-cartridges,  caliber  .50. 
13, 000  carbine  ball-cartridges,  caliber  .50. 
1, 487, 640  rifle  ball-cartridges,  caliber  .45, 
735, 200  carbine  ball-cartridges,  caliber  .45. 
314, 785  rifle  blank  cartridges,  caliber  .45. 
276, 374  revolver  ball-cartridges,  caliber  .45. 
120, 804  revolver  blank  cartridges,  caliber  .45. 
13, 640  i)ercu8sion-caps. 
1, 000  i>ounds  buckshot. 

Ammunition  for  field-guns. 

100  blank  cartridges,  24-pounder  howitzer. 
6, 210  blank  cartridges,  12-pounder  mountain-howitzer. 
12, 522  blank  cartridges,  12-pounder  gun. 
2, 520  blank  cartridges,  6-pounder  gun. 
11, 759  blank  cartridges,  3-inch  gun. 

908  blank  cartridges,  l-i>ound  charge. 
2, 675  blank  cartridges,  ^-pound  charge. 
110, 059  friction-primers. 
2, 602  fuses. 

29, 100  pounds  cannon  powder. 
7, 000  pounds  mammoth  powder. 
15, 270  pounds  mortar  powder. 

500  pounds  musket  and  rifle  powder. 
457  signal-rockets. 

Class  IX. 

14  blocks,  whole. 
25  blocks,  half. 

25  blocks,  quarter. 

10  blocks,  4  by  12  inches,  46  inches  long. 

15  blocks,  2  by  12  inches,  46  inches  long. 
7  blocks,  12  by  12  inches,  10  feet  long. 
3  iron  blocks,  double. 

3  iron  blocks,  treble. 

2  iron  blocks,  quadruple. 

1  set  stajing-blocks. 

3  hand-carts. 

2  large  sling-carts. 


REPORT  OP  THE  CHIEF  OF  ORDNANCE.  11 

22  guii-chocks. 
40  roller-chocks. 
31  wheel-cbocks. 
1  gun-cradle. 

1  casemate-gin. 

2  siege-gins. 

431  intrenching  tools. 
2  hyclrauhc  jacks. 

1  lifting  jack. 

11  platforms  for  siege-carriage. 

2  platforms  for  mortar. 

2  cMerential  i)ulley8. 

12  long  i*ollei*s. 
12  short  rollers. 
43  shifting  planks. 
16  skids. 

1  sling  chain. 

1  sling  rope. 

3  stadia,  brass. 

2  trunnion  loops. 

1  trunnion  rings. 

2  casemate  trucks. 
1  store  truck. 

Class  X— I. 
6  butt-gear  pins. 

1  clami>  screw. 

12  extractor  hooks. 
6  extractor  pins. 
6  firing  i)ins. 
6  firing  plugs. 

4  locks. 

12  lock  springs. 
12  lock-spring  screws. 
4  oscillating  double  worms. 

4  spiral  springs. 

Class  X— II. 

15  ammunition  chests. 

5  ammunition-chest  keys. 

3  axle  l>odies  for  3-inch  carriages. 

6  axle  sleeves  for  altered  15-inch  carriages. 

2  caisson  stocks. 

2  chains,  Xos.  1  and  2. 
62  cold  shut  links. 

15  escutcheon  sockets  for  10-inch  carriages. 
10  escutcheon  sockets  for  15-inch  carriages. 
28  felhes. 

6  forks  for  3-inch  gun  Umber. 

16  linchpins,  No.  1. 
8  linch  washers. 

4  iron  naves  for  3-inch  carriages. 
4  nave  bands. 

39  poles  for  field  carriages. 
4  i>oles  for  siege  carriages. 
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12  pole  yokes. 

2  pole-yoke-prop  rings. 

1  splinter  bar. 
56  spokes. 

6  straps  for  ammunition  chests. 

3  trail  stocks. 

-k  thills  for  12  pounder  mountain  howitzer. 
20  tire  bolts  and  nuts. 

2  tire  bands. 

2  tonp^ues  for  sling  carts. 
44  washers  and  nuts. 
18  w^heels  for  Gatling  gun  carriages. 
37  wheels  for  field  carriages. 

Class  X— HI. 

16  artillery  bridles. 

17  artillery  collars. 
12  artillery  girths. 

29  artillery  halters  and  straps. 
6  artillery  saddles. 
72  rosettes  for  artillery  bridles. 

4  lashing  ropes. 
2  lead  traces. 

4^3  pole  pads. 

28  pole  straps. 

15  rammer-heads  for  6-pounder  gun. 

12  sponge-heads  for  6-poiinder  gun. 

12  sponge-heads  for  12-pounder  mountain  howitzer. 

4  sponges. 
107  sponges  for  3-inch  gun. 
51  sponges  for  6-pounder  gun. 
78  sponges  for  12-pounder  gun. 
35  sponges  for  12-pounder  mountain  howitzer. 

8  sponges  for  8-inch  gun. 

24  sponges,  spring  cover,  for  15-inch  gun. 
()  seats  for  drivers'  saddles. 

4  traces  for  Gatling  gun  harness. 
2  wheel  traces. 

167  whips. 

Class  X— IV. 

200  sabots  for  8-inch  Butler  shot. 
260  sabots  for  15-inch  shot  and  shell. 
50  tin  straps. 

Class  X— VI. 

Parts  of  Springfield  rifles^  caliber  .50". 

MODEL  1866. 

10  ejector-spring  caps. 

25  ejector-spring-cap  screws. 
10  liring-pin  nuts. 

5  friction  springs. 

5  friction-spring  screws. 
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^  hinge  screws. 
80  hinge-screw  nuts. 
10  hinge-strap  screws. 
5  rear  sight  bases. 
10  rear  sight  leaves. 
10  stocks. 

MODEL  1868. 
20  bands,  lower. 
20  bands,  upper. 
3  band  s^^ivels. 
12  band-swivel  screws. 
12  breech  blocks. 

23  breech-block-cap  screws. 
12  cam  latches. 

7  cam-latch  springs. 

12  ejector  studs. 
25  ejector  springs. 

2  ejector-spring  spindles. 

24  extractors. 
7  firing  pins. 

7  iiring-i)in  screws. 

7  firing-pin  springs. 
20  locks. 
20  lock-plates. 

3  main-s])rings. 
15  ramrods. 

60  ramrod  stops. 
62  rear  sights. 
20  rear  sight  bases. 
20  rear  sight  leaves. 
20  rear  sight  leaf  screws. 
20  rear  sight  joint  screws. 
20  rear  sight  base  screws. 
20  rear  sight  slides. 
20  rear  sight  springs. 

3  sear  springs. 
40  side  screws. 

20  side-screw  washers. 

65  stocks. 

50  tang  screws. 

10  tix>s  for  stock. 

13  tumbler  screws. 

Fart^  of  Springfield  rifle,  caliber  .45. 

995  bayonets. 

152  bayonet  clasps. 

185  baycmet  clasp  screws. 

102  bayonet  clasp  stop  screws. 

240  ti-owel  bayonet  plugs. 

73  lower  bands. 
770  upi>er  bauds. 
147  band  springs. 

€l>  band  spring  swivels. 

4  band  swivel  hooks. 
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124  band  swivel  screws. 
2  band  swivel  pins, 
2  band  swivel  hook  pins. 
6  barrels. 

24  breech  blocks. 

98  breech  block  caps. 
336  breech  block  cap  screws. 

20  breech  block  screws. 

30  breech  screws. 

88  bridles. 
317  bridle  screws. 

28  butt  plates. 

204  butt  plate  screws. 

Go  cam  latches. 
734  cam  latch  springs. 

22  cover  springs. 

22  cover  friction  springs. 

22  cover  Mction  spring  screws. 

22  cover  stud  pins. 

50  ejectoi-s. 
1,  780  ejector  springs. 
1, 242  ejector  spring  spindles. 

97  ejector  studs. 
308  extractors. 
1,081  firing  pins. 
939  firing  pin  springs. 
467  firing  pin  screws. 

29  front  sights. 

25  guard  1k)ws. 

10  guard  bow  screws. 
375  guanl  bow  swivels. 
596  guard  bow  swivel  screws. 
284  guanl  bow  nuts. 

36  guard  plates. 
514  guard  screws. 
162  hammers. 
132  huige  pins. 

44  hinge  pin  studs. 
1  lock. 

27  lock  plates. 
637  main  springs. 
194  main  spring  swivels. 
242  main  spring  swivel  rivets. 
177  ramro<ls. 
509  ramrod  stops,  upper. 

10  receivers. 
100  rear  sights. 
120  rear  sight  ba«es. 
419  rear  sight  base  screws. 
335  rear  sight  base  springs. 
517  rear  sight  joint  pins. 
397  rear  siglit  leaves. 
738  rear  sight  slides. 
600  rear  sight  slide  springs. 
943  rear  sight  slide  spring  rivets. 
141  sears. 
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324  sear  screws. 
512  sear  springs. 
324  sear  spring  screws. 
567  side  screws. 

93  side  screw  washers. 
283  stocks. 
134  swivel  bars. 
212  swivel  bar  rings. 

22  swivel  bases. 
228  tang  screws. 

32  tips  for  stocks. 

82  tip  screws. 

54  thumb  pieces. 

68  triggers. 
100  trigger  screws. 
164  tumblers. 
645  tumbler  screws. 


Parts  of  Springfield  carbine^  caliber  .45. 


102  bands. 
332  stocking  bands. 
26  band  springs. 

6  band  swivels. 

4  barrels. 

3  breech  blocks. 

4  breech  block  caps. 

77  breech  block  cap  screws. 

6  breech  screws. 
45  bridles. 

49  bridle  screws. 

7  butt  plates. 

22  butt  plate  covers. 
187  butt  plate  screws. 

9  cam  latches. 
232  cam  latch  springs. 
464  ejector  springs. 
363  ejector  spring  spindles. 

65  ejector  spring  studs. 

85  extractors. 
270  firing  pins. 

109  firing  pin  screws. 
262  firing  pm  springs. 

110  front  sights. 

20  front  sight  rivets. 

22  guartl  bows. 

14  guard  bow  nuts. 
28  guard  bow  swivels. 
49  guard  bow  swivel  screws. 
11  guard  bow  plates. 
24  guard  bow  plate  screws. 
121  guard  screws. 

23  hammers. 
40  hinge  pins. 

80  jointed  ramrods. 
7  rear  sights. 
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71  rear  sight  bases. 
27G  rear  sight  leaves. 
3  rear  sight  slides. 

50  sears. 

60  sear  screws. 
115  sear  springs. 

50  sear  sjniiig  screws. 
190  side  screws. 

2  side  scix»w  washers. 
786  stocks,  complete. 

89  stocks,  wood  pait. 

31  swivel  bars. 

31  swivel  bar  rings. 

6  swivel  bands. 
159  tang  screws. 

10  tip  sci'ews. 

11  tinggers. 

43  trigger  scix>ws. 

3  tlmnib  pieces. 
67  tumblers. 

131  tumbler  screws. 

Parts  of  Sharps*  carbine. 

1  band. 

2  band  springs. 

1  barrel  Imshiug. 

1  barrel  stud. 
14  bridles. 

8  bridle  screws. 

2  butt  plate  screws. 

5  extractors. 
29  firing  pins. 

6  firing  bolt  screws. 

1  front  sight. 

2  front  guard  i^lates. 
2  rear  guard  plates. 
2  hauuners. 

12  levers. 

4  lever  catches. 

6  lever  catch  screws. 

6  lever  catch  springs. 

6  lever  catch  spring  screws. 

6  lever  catch  spring  i)ins. 
27  lever  keys. 

4  lever  key  stops. 

10  lever  key  stop  pins. 
10  lever  key  stop  pin  screws. 
12  lever  key  stop  springs. 
2  lever  screws. 
27  lever  springs. 

7  lever  spring  screws. 
1  lock  plate. 

17  main  springs. 
7  main  spring  screws. 

5  primer  covers. 

5  primer  cover  screws. 
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2  rear  sight  bases. 

10  rear  sight  elevating  screws, 

0  rear  sight  joint  pins. 

3  rear  sight  leaves. 
5  rear  sight  slides. 

10  rear  sight  slide  screws. 
5  rear  sight  springs. 

15  rear  sight  spring  screws. 
14  sears. 

7  sear  screws. 

5  front  side  sci*ews. 

5  rear  side  screws. 

1  slide  screw. 

2  stock  butts. 
5  stock  tips. 

10  stock  tip  screws. 

10  stock  butt  escutcheons. 

2  swivel  bars. 

2  swivel  bar  rings. 

2  swivel  bar  screws. 

1  front  tang  screw. 

1  rear  tang  screw. 

5  toggles. 

1  trigger. 

2  trigger  screws. 
27  tumblers. 

42  tumbler  screws. 

12  tumbler  stirrups. 

12  tumbler  stirruj)  screws. 

Parts  of  Coifs  revolver^  caliber  .45. 

53  back  straps. 
182  back  strap  screws. 

20  bolts. 

65  bolt  screws. 
377  center  pins. 
157  center  jnn  bushings. 
155  center  pin  catch  screws. 
415  center  pin  screws. 

97  ejector  springs. 
105  ejector  heads. 

77  ejector  rods. 

27  ejector  rod  heads. 

27  ejector  tubes. 

85  ejector  tul>e  screws. 
119  ejector  tube  springs. 

82  firing  pins. 

67  firing  pin  rivets. 
5  firing  springs. 

14  gates. 

16  gate  catches. 

157  gate  catch  screws. 
58  gate  springs. 
5  gate-latch  springs. 

3  guards. 

2  CRD 
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127  long  guard  screws. 
152  short  guard  screws. 

34  hammers. 

85  hammer  screws. 

74  hands. 
105  hand  springs. 
147  main  sx>rings. 
105  main  spring  screws. 

25  sear  springs. 

5  sear  spring  screws. 

82  sear  and  stop  bolt  springs,  combined. 

72  sear  and  stop  bolt  spring  screws,  combined. 

12  stocks. 

58  stop  bolt  screws. 

30  triggers. 

63  trigger  screws. 

Parts  of  Schqfield^s  Smith  and  Wesson  revolver ^  caliber  .45. 

20  barrel  catches. 
25  barrel  catch  screws. 
25  barrel  catch  springs. 
10  base  pins. 

6  cylinders. 

20  cylinder  catches. 

25  cylinder  catch  screws. 

10  cylinder  catch  cams. 

25  escutcheons. 

20  extractors. 

25  extractor  springs. 

25  extractor  stems. 

25  extractor  studs. 

25  firiction  collars. 

10  guards. 

25  guard  screws. 

10  hammers. 

25  hanmier  studs. 

25  hands. 

25  hand  pins. 

25  hand  springs. 

25  joint  pivot*. 

25  joint  screws. 

20Mer8. 

28  main  springs. 

25  main-spring  swivels. 

25  nuts. 

20  pawls. 

25  pawl  pins. 

25  pawl  springs. 

10  recoil  plates. 

25  long  side-plate  screws. 

25  short  side-plate  screws. 

5  sights. 
25  sight  pins. 

5  stocks. 
25  stock  pins. 
25  stock  screws. 
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25  strain  screws. 

25  steady  pins. 

25  stops. 

25  atop  pins. 

25  stop  springs. 

25  swivel  pins. 

13  triggers. 

^  trigger  pins. 

25  trigger  springs. 

25  trigger-spring  pins. 

Class  X— VII. 
3,d50  canteen  corks. 

548  canteen  corks  and  chains. 
7, 950  canteen  covers. 
4, 490  canteen  straps. 

260  cartridge  loops. 
20  haversack  hooks. 

145  saber-belt  straps. 

125  bridle  headstaUs. 

150  bridle  reins. 
17, 402  brass  buckles. 
11, 782  iron  buckles. 

69  cincha  straps. 
1, 800  coat  straps. 

24  couplings  for  reins. 
3, 180  crupper  rings. 
606  curb  bita. 

70  curb  straps. 

600  curb-straps  and  loops. 

140  curb  strap  loops. 
1, 803  D  rings. 
4, 127  brass  foot-staples. 
4, 129  guard  plates. 

44^  gross  gnard-plate-screw  pins. 

217  yards  girth- webbing,  4  inches  wide. 

252  yards  girth-webbing,  4^  inches  wide. 

775J  yards  girth-webbing  7^  inches  wide. 
8  pieces  girth-webbing, 
2, 060  halter  bolts. 

612  halter  chains. 

510  halter  headstalls. 
3f  438  halter  rings. 
1, 980  halter  squares. 
5, 609  halter  straps. 

108  brass  rings. 
1, 297  iron  rings. 

100  lariat  swivels. 
48  saddle-bag  studs. 

600  shields. 
2, 267  side-line  fasteners. 
12  snaps  for  links. 

267  snaps  for  side-lines. 
1, 728  spring  snaps. 
4, 076  staples  for  rings. 

240  stirrup  hoods. 
1, 196  yards  surcingle  webbing,  4  inches  wide. 
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Class  X— VIII. 

3, 500  cartridge-bags  for  6-i)oimder  giin. 
8, 280  cartridge-bags  for  12-iK)uuder  gun. 

700  cartridge  bags  for  12-pounder  mountain  howitzer. 
1, 000  cartridge-bags  for  24-pounder  gun. 

600  cartridge-bags  for  24-i>ounder  howitzer. 

500  cartridge-bags  for  32-i>ounder  gun. 

200  caitridge-bags  for  lOO-^wunder  gun. 

913  J-pound  cartridge-bags  for  mountain  howitzer. 
2, 780  cartridge-bags  for  3-mch  gun. 
1, 450  cartridge-bags  for  4^inch  gun. 

500  cartridge-bags  for  8-inch  converted  gun. 
1, 000  cartridge-bags  for  10-inch  cohimbiad. 

500  cartridge-bags  for  10-inch  Bodman. 

500  cartridge-bags  for  15-inch  Bodman. 

Tools  and  material. 
3  adzes. 
1  adze  handle. 
52|  gallons  alcohol. 

1  anvils. 

14  leather  aprons. 

2  arbors. 

3  augers. 
811  awls. 

381  awl  handles. 
42  axes. 
172  metallic  powder-barrels. 
477  w^ooden  powder-barrels. 

1  gallon  benzine. 
201 J  I>ounds  beeswax. 
47  bits. 

208  pounds  leather-blacking. 
24J  gallons  leather-blackiug. 
42l|  pounds  black  wax. 
1  an\il-bloek. 
1  lead  punching  block. 
51  punching  blocks. 
1  forge  and  battery  wagon-box. 

1  shoeing  1m)x. 
350  feet  pine  boards. 

24  braces. 

6  bath  brick. 

6  quarts  browning  material. 
324  com  brooms. 
12  brushes. 
24  dusting-brushes. 
10  marking-bnishes. 

2  oiling-bnishes. 
155  i)aint-brushes. 

28  sash -brushes. 

10  whitewash-brushes. 

1  wii\»-l)rush. 

2  gross  buttons. 
1  buttress. 


REPORT  OF   THE   CIIIEP   OF   ORDNANCE.  21 

1  calipers. 
250  toe  calks. 
35  pounds  camphor. 
57  tiu  cans. 
45  pounds  sperm  candles. 

1  gross  crayon  clialk. 

3  pounds  white  chalk. 

2  chalk  lines. 
9  channelers. 

240  arm  chests. 
2  armorer^s  chests. 
59  chisels. 
2  chisel  handles. 

1  chuck. 

4  clamps. 

42  saddler's  clamps. 
64  claw  tools. 

2  boxes  cleaning  material. 

3  clenching  irons. 

1  clock. 

50J  quires  crocus  cloth. 
6, 070  x>ounds  bituminous  coal. 
50  pounds  ammoniated  copper. 

4  collets. 

87  compasses. 
IWf  pounds  cord. 
134  pounds  cotton. 

3  counter-shafts. 

2  card  covers. 
112  creasers. 

4  dies. 

3  die  stocks. 

2  copx>er  discs. 
1  lathe  dog. 

14  gallons  Japan  drier. 
26  pounds  patent  drier. 

1  drift. 
41  drills. 

2  drill  stocks. 

2  cooi)er's  drivers. 
134  edge  tools. 

61  iK)imd8  emery. 
816  quires  emery  cloth. 
40J  quires  emery  paper. 

3  nail  extractors. 
162  files. 

12  file  handles. 

20  pounds  steel  filings. 
2  straining  forks. 

2  fullers. 

6  powder  funnels. 
200  gas  checks. 

15  gauges. 

1  cfltrpenter^s  gauge. 

21  gimlets. 

10  pounds  glue. 
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50  pounds  white  glue. 
10  gouges. 
530  poimds  wheel  grease. 

1  grindstone. 

2  groovers. 

53  pounds  gum-arabic. 
197  hammers. 
1  liand  power. 
1  handle  for  grindstone  crank. 

3  hangers. 

1  haiMlie. 

2  hasps  and  strai)s. 

2  hasps  and  staples. 
13  claw  hatchets. 

1  hatchet. 

4  hatchet  hancUcA. 
4  strap  hinges. 

8, 770  horseshoes. 

045  pounds  horseshoe  nails. 
31  stitching  horses. 
1, 200  wooden  hoops  for  barrels. 
1  housing  for  pressure  plug. 
100  ix)und8  band  iron. 
512  pounds  bar  iron. 
367  knives. 

3  drawing  knives. 
.    5  gallons  lacquer. 

22  gallons  tar  lacquer. 
37  pounds  lampblack. 

1  pound  lampwicking. 
3  common  lanterns. 

2  dark  lanterns. 

23  globe  lanterns. 
237  i)ounds  lard. 

1  hand  lathe. 

140  feet  belt  or  band  leather. 
813  sides  bridle  leather. 
22, 354  i)ounds  harness  leather. 
63  locks. 

2  sets  loopsticks. 

1  splitting  machine. 
53  mallets. 
155  pounds  marline. 
6  powder  measures. 
1  tape  measui'e,  200  feet  long. 
52  i>ounds  nails. 
13  pounds  copper  nails. 
315  i)ounds  cut  nails. 
i  pound  japanned  nails. 
1, 180  pounds  iron  nails. 
40  pounds  saddler's  nails. 
132  saddler's  nails,  Xo. 
11, 960  needles. 

76  cutting  nipi^ers. 
400  pounds  refined  niter. 
1  collar  palm. 
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10  quires  drawing  paper. 
1(K)  ))oiiiKl8  laboratory  paper,  No.  1. 
770  pounds  laboratory  paper,  No.  4. 
4<K>  i)oiinds  laboratory  paper,  No.  6. 
24  i>ouud8  log  pai)er. 
58  })oimd8  3Ianila  wrapping  pai)er. 
01  }>ound8  stencil  pai>er. 
1,035  i>ounds  black  paint. 
IW)  i)onnd8  green  paint. 
137  gallons  lead-colored  paint. 
4, 2*J5  i)ounds  metallic  paint. 
2, 955  i)ounds  olive  paint. 
605  x>ound8  red  ]>aint. 
f  50  i>ound8  red  lead. 
1,777  iK>unds  white  lead. 
2  ]K)unds  black  pepper. 

26  pincers. 

12  planes. 

1,  OtH)  feet  oak  plank. 

27  pliers. 
7  ijokere. 

6  {)ounds  leather  polish. 
1  i)ot  for  melting  sealing-wax. 
5  i>oands  potash. 
112  i>oiind8  chlorate  of  i)ota8h. 
1  letter-press. 
42  pricking  carriages. 

10  pricking  wheels. 

13  pritchels. 
9  pnlleys. 

40  punches. 
108  hand  punches. 

72  spring  punches. 

90  pounds  putty. 

90  rasps. 

24  shoeing  rasps. 
1  chalk  hue  reel. 
222  ix>uuds  rivets  and  burrs. 
259  gross  brass  rivets  and  burrs. 
785  i)onnds  copper  rivets  and  burrs. 

31  ])aper8  copi)er  rivets  and  burrs. 
158  pounds  iron  rivets  and  burrs. 

52  riveting  irons. 

54  rivet-sets. 
535  pounds  hemp  rope. 
1, 206  i>ounds  Manila  I'ope. 

11  rounding  irons. 

&io  pounds  rotten-stone. 
64  rules,  2-foot. 
3,416  sheets  sand-paper. 
79  sandstones. 

14  saws. 

1  back  saw. 
1  hack  saw. 
4  hack  saw  blades. 
1  hand  saw. 
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2  saw  bladesi 
2  saw  sets. 
6  scales. 

1  counter  scales. 

19  scissors. 

15  pounds  scouring  material. 

2  box  scrapers. 
218J  gross  bra^s  screws. 
116|  gross  brass  screw  pins. 

15  gross  iron  screws. 
2  pendulum  hausse  seat  screw  tai)s. 
69  screw  drivers. 

2  scribers. 
6  scythes. 

1  scythe  snath.   . 
8  scythe  stones. 

3  set«. 

4  sealing-stamps. 

14  pounds  sealing-wax. 
13  chamois  skins. 

22  sheep  skins. 
63  shears. 
11  shovels. 

6  sickles. 

1  sledge. 
49  slickers. 

96  magazine  slippers. 
2. 315  pounds  castile  soap. 
47  bars  castile  soap. 
37  bars  common  soap. 

20  pounds  common  soap. 
10  pounds  solder. 

3  spokeshaves. 
37  pounds  8X>onge. 

7  squares. 

2  staples  and  plates. 
60  x)oiuids  bar  steel. 

5  pounds  blister  steel. 
58  pounds  cast  steel. 

200  i)oiuids  flowers  of  sulphur. 

4  sets  stencils,  figure. 
4  sets  stencils,  letters. 

110  papers  copper  tacks. 
41  pounds  copper  tacks. 
2  papers  cut  tacks. 
534  jiapers  iron  tacks. 
683f  poimds  iron  tacks. 
140  pounds  tallow. 

4  taps. 
12|  barrels  tar. 

75  thimbles. 
724^  pounds  shoe-thread. 
648^^  pounds  saddlers'  thread. 

4?  ticklers. 
7, 420  feet  oak  timber. 

15  pounds  tobacco. 
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7  tongs. 
101  sash  tools. 

10  smith's  and  saddler's  tool-bags. 
1  saddlers'  tool-case. 
57  i)oimds  tow. 
314  papers  tripoli. 
531 J  gallons  turpentine. 
116  pounds  twine. 
97^  gallons  varnish. 
1  pound  vermilion. 

1  bench  vise. 

2  clamp  vises. 
4  hand  vises. 

1  water-cooler. 

2  browning  wheels. 
2  buffing  wheels. 

2  wheelbarrows. 
70  pounds  whiting. 
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APPE^^DIX  u 


Apportionment  of  ordnance^  ordnance  stores^  <1t.,  for  the  fiscal  year  ending 
Jun^  30,  1878,  under  sections  1661  and  1667  Revised  Statutes  United 
States^  and  regulations  established  in  conformity  therewith. 


States  and  Territories. 


No.  ofSeii-l 
ators  and   Money 
I  Reprenen-'    value. 
1  tatives. 


I 


Alabama  . . . 
Arkansas... 
California .. 
Colorado . . . 
Connecticut 
Delaware  .. 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 


Kansas . . . 
Kentucky 
Louisiana 
3Iaine 


Maryland 

Massachusetts . . 

Michigan 

Minnesota 

Mississippi 

Missouri 

Nebraska 

Nevada  

New  Hampshire 

New  Jersey 

New  York 

North  Carolina . 
Ohio 


Oregon 

Pennsylvania. . 
Rhode  Island.. 
South  Carolina 

Tennessee 

Texas 


Vermont 

Virginia 

West  Virginia 

Wisconsin 

Arizona  Territory* . . . . 
Dakota  Territory*  .... 

Idaho  Territory* 

Montana  Territory*  . . 
New  Mexico  Territory* 

I  'tah  Territory'* 

Washington  Territory* 
Wyoming  Territory* . . 
District  of  Columbia . . 


Total 
Freight,  &c 


10 
6 
G 

a 

6 

3 

4 

11 

21 

15 


12 
8 
7 
8 

13 

11 
5 
8 

15 
3 
3 
5 
9 

35 

10 

22 
3 

29 
4 
7 

12 
S 
5 

11 
5 

10 
3 
3 
3 
3 
3 
3 
3 
3 
3 


39G 


2, 
2, 

1, 
2, 
1, 

1, 

5, 

10, 

7, 


11  I    5, 
5      2, 


5, 
3, 
3, 
3, 

6, 
5, 
2, 
3, 
7, 
1, 
1, 
2. 
4, 
16, 

4, 
10, 

1, 

3, 
5, 
3, 

2, 
5, 

2, 
4, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 


797  a'> 

878  71 
i!<78  71 
439  36 
878  71 

4:i9  :m 

919  14 
277  64 
075  49 
196  7S 
277  64 
398  9a 
757  42 
S3S  28 
358  50 
838  28 
237  21 
277  64 
398  93 
838  28 
196  78 
439  36 
439  36 
398  93 
318  06 
792  48 
797  So 
555  27 
439  :^ 
913  76 
919  14 
358  50 
757  42 
838  28 
398  93 
277  64 
398  93 
797  85 
439  36 
439  36 
439  36 
439  36 
439  3() 
439  36 
439  36 
439  3() 
439  36 


189,995  00 
10,005  00 


200,000  00 


''Ai)portionment  according  to  the  tirst  2)aragraph  of  the  President's  regulation  of 
April  30,  1855. 
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APPENDIX  D. 

Statement  of  ordnance,  ordnance  stores,  dbc,  distrihufed  to  the  militia  from 
July  1,  1877,  fo  June  30,  1878,  umler  sections  1001  and  1007,  Revised 
Statutes  United  St<ites. 

Class  I. 

2  G-poiinder  bronze  guns. 
4  li^ht  12-pouu(ler  bronze  guns. 
a  12-poiincler  bronze  field  howitzers. 
8  3-ineh  wrought-iron  rifled  guns. 
2  Gatling  guns;  caliber  .50. 
1.5  Gatling  guns,  10  barrels,  long  5  calilier  .45. 

Class  II. 

4  carriages  and  limbers  for  6-pounder  gun. 
15  caniages  and  limbers  for  light  12-pounder  guns. 
8  carriages  and  limbers  for  3-inch  gun. 
16  carriages  and  limbers  for  Gatling  guns ;  caliber  .45. 

2  carriages  and  limbers  for  Gratling  guns ;  caliber  .50. 
4  caissons  and  limbers  for  light  12-pounder  gun. 

4  caissons  and  limbers  for  3-inch  gun. 

Class  III. 

3  breech-sights  10-pounder  Parrott  guns. 
12  si>onge-buckets,  iron,  for  field  guns. 
16  tar-buckets,  iron,  for  field  guns. 

20  watering  buckets. 

6  fuse  blocks. 

6  fuse  cutters. 

6  fiise  gouges. 

8  fuse  wrenches. 

2  fuse-plug  wrenches. 
670  feed  cases  for  Gatling  gun ;  caliber  .45. 
20  grunner's  gimlets,  field. 

49  gunner's  haversacks. 
12  giuiner's  pincers. 

5  gunner's  pouches. 
38  handspikes,  trail. 

42  sets  of  artillery  harness,  2  horses,  wheel. 
37  sets  of  artillery  harness,  2  horses,  lead. 
♦)0  aitillery  whips. 

50  lanyards  for  firiction  primers. 

10  pendulum  hausses  for  light  12-pounder  gun. 

4  pendulum  hausses  for  3-inch  gun. 
<>  pendulum  hausse  seats. 

4  pendulum  hausse  pouches  for  Ught  12-pounder  gun. 

4  pendulum  hausse  pouches  for  3-inch  gun. 
41  priming  wires. 
16  prolonges. 
24  sponges,  woolen,  6-pounder  gun. 
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4  sponge  covers,  6-i)ounder  gun. 

23  sponge  covers,  light  12-pounder  gun. 
8  sponge  covers,  12-pouncler  howitzer. 

20  sponge  covers,  3-inch  gun. 
4  sponges  and  rammers,  6-pounder  gun. 

3  sponges  and  rammers,  10-pounder  gun. 

8  sponges  and  rammers,  light  12-x>ounder  gun. 
8  sponges  and  rammers,  12-i)ounder  howitzer. 

24  sponges  and  rammers,  3-inch  gun. 
11  paulius,  8  by  10. 

34  paulins,  12  by  15. 

4  paulins,  20  by  30. 

8  gun-covers  for  long-barreled  Catling  gun ;  caliber  .45. 
62  thumbstalls. 
10  tom})ions  for  3-inch  gun. 

2  tompions  for  light  12-pounder  gun. 
18  tow-hooks. 
34  tube  pouches. 
44  vent  covers. 
23  vent  punches. 

4  worms  and  staves,  for  light  12-pounder  gun. 

7  worms  and  staves,  for  3-inch  guns. 

Clabs  IV. 

10  6-pounder  canister. 
166  12-iK>under  shell. 
132  3-inch  shot. 

124  3-inch  canister. 

Class  V. 

60  6-pounder  shot,  fixed. 
60  6-pounder  case  shot. 

25  12-pounder  shot-,  fixed. 
73  12-pounder  shell,  fixed. 
25  12-pounder  case  shot. 

59  12-pounder  canister,  filled. 
1, 000  1-inch  ball  cartridges.  Catling. 
1, 000  1-inch  canister,  Catling. 
408  3-inch  shot,  ftUly  prei>ared. 
240  3-inch  shell,  fiilly  prepared. 
100  3-inch  case  shot. 
232  3-inch  canister,  fiUed. 
50  3.67-inch  canister,  filled. 

Class  VI. 

Mtizzle-loading. 

160  Springfield  rifle  muskets,  caliber  .58. 

Breech-loading, 

3, 859  Springfield  rifles,  caliber  .50. 
8, 791  Springfield  rifles,  caliber  .45. 

440  Springfield  rifles,  cadet,  caliber  .45. 
14  Springfield  rifles,  officer's  model,  caliber  .45. 

186  Springfield  carbines,  caliber  .45. 

11  Remington  revolvers,  caliber  .44. 
239  Colt's  revolvers,  caliber  .45. 
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lft3  Schofield-Smith  and  Wesson  revolvers,  caliber  .45. 
44  officer's  swords,  with  two  scabbards. 

7  officer's  sabers. 

112  non-commissioned  officer's  swords. 

274  light  cavalry  sabers. 

313  artiUerj'  sabers. 

255  bayonets  for  calil)er  .50,  rifles. 

100  bayonets  for  calliper  .45,  rifles. 

Class  VII. 

401  sets  infantry  equipments. 
161  haversacks  and  straps. 
4,616  canteens  and  straps. 
1  meat-ration  can. 
1  knife,  fork,  and  spoon. 
200  coat  stra])s. 
.360  valises. 
260  clothing-bags. 
210  shoulder-braces. 
199  artillery  saber  belts  and  plates. 

70  carbine  slings  and  swivels. 
106  carbine  cartridge  pouches. 

1  cartridge  belt. 

12  cap  i>ouches. 

74  pistol  cartridge  i>ouches. 
136  pistol  holsters. 
349  saber  belts  and  plates. 

101  saber  knots. 

157  non-commissioned  officer's  sword  belts  and  plates. 
•^,947  steel  bayonet  scabbards. 

150  steel  bayonet  scabbards,  cadet's. 
1.0t>8  leather  bayonet  scabbards. 
2,091)  cartridge-boxes,  caliber  .58. 
^,6.S0  cartridge-boxes,  caliber  .45. 
1,318  cartridge-boxes,  caliber  .50. 
•»,110  gun  slings. 
9,923  waist  belts  and  plates. 
11  combination  screw-drivers. 

8  spring  vises. 

23  headless  cartridge  shell  extractors. 
1  set  horse  equipments. 
90  curb  bridles. 
92  cavalry  saddles. 
177  saddle  blankets. 
40  si>nr8  and  straps,  pairs. 

Class  VIII. 

l,(CiO  blank  cartridges  for  10-pounder  gun. 
224  blank  cartriilges  for  light  12-iM)under  gim. 

1. 150  blank  cartridges  for  3-inch  gun. 

5,iwo  buck  and  ball  cartridges,  caliber  .69. 
40,000  elongated  ball  cartridges,  paper,  caliber  .58. 

1,JMM)  rifle  ball  cartridges,  caliber  .58  (rim  tire). 
^>T,06O  rifle  ball  cartridges,  calil>er  .50. 
•'>14,000  rifle  ball  cartridges,  caliber  .45. 
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9, 500  carbine  ball  eartridfres,  caliber  .45. 
9, 072  Si>eneer  carbine  cartridges,  caliber  .50  (rim  fire). 
5, 076  pistol  ball  caitridges,  caliber  .45. 
55, 000  rifle  blank  cartridges,  caliber  .50. 
26, 000  rifle  blank  cartridges,  caliber  .45. 
5, 750  friction  primers. 
150  paper  fuses,  time,  assorted. 

1  poiuul  quick  match. 
425  pounds  cannon  powder. 
2, 000  pounds  mortar  powder,  new. 
200  cartridge  bags  for  3-incli  gun,  unfilled. 

Glass  X. 

6  spare  poles. 
11  pole  pads. 

7  pairs  pole  straps. 
6  spare  wheels. 

Spare  parts  for  Springfield  rifle^  caliber  .50. 

^  main  springs. 

33  sear  springs. 

50  tumblers. 

33  tumbler  screws. 

11  extractors. 

33  ejector  springs. 

33  cam  latch  springs. 

33  firing  pins. 

33  firing  pin  springs. 

33  firing  pin  s]»ring  screws. 

33  breech  block  cap  screws. 
100  rear  sights. 

35  stocks. 

95  ramrods. 
100  ramrod  stops. 

Spare  parts  for  Springfield  riflej  caliber  .45. 

225  tumblers. 

13  tumbler  screws. 
100  triggers. 
100  trigger  screws. 

25  front  sights. 

25  rear  sights. 

10  rear  sight  bases. 

20  rear  sight  base  screws. 

40  rear  sight  base  springs. 

20  rear  sight  leaves. 

40  rear  sight  slides. 

40  rear  sight  slide  springs. 

40  rear  sight  slide  spring  rivets. 

40  rear  sight  joint  pins. 

45  thumb  pieces. 

25  locks,  complete. 

10  lock  plates. 
5  guards. 

20  guard  plates. 

20  guard  bows. 


REPORT  OP  THE  CHIEF  OP  ORDNANCE.  31 

50  guard  bow  swivels. 

50  gaard  bow  swivel  screws. 

50  giiarcl  bow  screws. 

(i5  sears. 

13  sear  springs. 
100  sear  spring  screws. 
125  sear  screws. 

10  stocks. 

20  butt  plates. 

40  butt  plate  screws. 

65  hammers. 

40  tips. 

40  tip  screws. 

50  stacking  swivels. 
100  gun  sling  swivels. 
100  gun  sung  swivel  pins. 

50  bayonet  clasps. 

50  bayonet  clasp  screws. 
lUO  baiid  springs. 

13  main  springs. 

25  main  spring  swivels. 

25  main  spring  swivel  rivets. 

55  bridles. 
175  bridle  screws. 

65  tang  screws. 

75  upper  bands,  complete. 

75  lower  bands,  complete. 

50  ejector  spring  spindles. 

63  ejector  springs. 

10  ejector  studs. 

10  breech  blocks. 

20  breech  block  caps. 

13  breech  block  cap  screws. 

10  breech  screws. 

40  hinge  pins. 

20  cam  latches. 

13  cam  latch  springs. 

13  firing  pins. 

13  firing  pin  springs. 

13  firing  pin  screws. 
250  side  screws. 
150  side  screw  washers. 

3  extractors. 

Miscellaneous. 

12  pounds  lead  color  paint. 
6  pounds  black  paint. 
25  pounds  olive  paint. 

4  pounds  wheel  grease. 

2  boxes  cleaning  materials. 
1  set  regimental  armorer's  tools. 
6  pick  axes. 
6  felling  axes. 

5  paint  brushes. 

6  long  handled  shovels. 
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APPENDIX  E. 

/Statement  of  ordnance^  ordnance  stores^  ctr.,  distributed  to  colleges  and  uni- 
rersiti^s  from  July  1,  1877,  to  June  30, 1878,  un^er  section  1225  Revised 
*  Statutes  United  St^ttes,  as  amended  by  act  approved  July  5,  1876. 

Class  I. 

6  6-poimder  bronze  giuis. 
4  3-mch  wrought-irou  guns. 
2  lO-pounder  Parrott  guns. 
1  8-mch  diege  mortar. 

Class  II. 
1  8-inch  mortar  bed. 

1  8-incli  morta,r  platform. 

4  6-ponnder  gun  carriages  and  limbers. 

6  3-inch  gun  carriages  and  limbers. 

6  caissons  and  limbers  for  6-pounder  guns. 

2  caissons  and  limbers  for  3-inch  guns. 

Class  III. 

1  basket  for  mortar  implements.    * 

1  waterhig-bucket,  leather. 

2  fuse  cutters. 
2  fuse  mallets. 
1  fuse  saw. 

1  gunner's  gimlet,  mortar. 
13  gunnei^'s  haversacks. 
1  gunner's  level. 
1  gunner's  quadrant,  brass. 

1  gunner's  sleeve. 
10  liands])ikes. 

22  lanyards  for  friction-primers. 

2  6-pounder  pendulum  hausses. 
2  3-inch  pendulum  hausses. 

2  seats  for  pendulum  hausses. 
1  pouch  for  pendulimi  hausses. 
1  plummet. 

1  pointing  cord. 

2  pointing  stakes. 

2  priming  wires,  8-inch  mortar. 
10  priming  wires,  field. 
1  shell-hook  pairs. 
1  scraper  for  mortar. 

1  woolen  sponge  for  6-i)ounder  gun. 
12  sponge  covers  for  6-pounder  gun. 

4  sponge  covei^s  for  3-incli  guns. 

2  sponge  covers  for  8-inch  mortars. 

12  sponges  and  ranuners,  6-pounder  gun. 
8  si)onges  and  rammers,  3-inch  gun. 
2  sponges  and  rammers,  8-inch  moriar, 
1  ]>aulin  5  by  5  feet. 
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4  paulins  12  by  15  feet. 
12  thniubstalls. 

1  tompion,  S-incli  mortar. 
12  tube  pouches. 

2  tiibe  pouches,  8-inch  mortar. 
10  vent  covers,  S-inch  mortar. 

1  wiper,  d-inch  mortar. 
1  wrench  for  mortar-be<l. 


Class  IY. 


10  8-inch  mortar  shells. 


Class  YI. 


50  Springfield  rifles,  caliber  .45. 
615  Springfield  cadet  rifles,  caliber  .45. 
27  non-conmiissioned-officer's  swords,  steel  scabbards. 
10  non-commissioned-officer's  swords,  leather  scabbards. 
70  light  cavalry  sabers. 

Class  vn. 

17  non-commissioned-officer's  shoulder  belts  and  plates. 

20  non-commissioned-officer's  sword  belts  and  plates. 

40  saber  belts  and  plates. 
66o  steel  bayonet  scabbards. 
665  cartridge  boxes,  caliber  .45. 
665  waist  l^lts  and  plates. 

Class  VIII. 

H50  blank  cartridges  for  6-poimder  gun. 

IjO  blank  cartridges  for  10-pounder  Parrott  gun. 

400  blank  cartridges  for  12-poimder  gun. 
50  blank  cartridges  for  8-iuch  mortar. 
liOO  carbine  ball  cartridges,  caliber  .50. 
\<KX)  carbine  ball  cartridges,  caliber  .45. 
^.ncm  rifle  ball  cartridges,  caliber  .50. 
IWN)  rifle  ball  cartridges,  caliber  .45. 
l^WO  rifle  (cadet)  ball  cartridges,  caliber  .45. 
5.fiOO  rifle  and  carbine  blank  cartridges,  caliber  .50. 
\'*\0  rifle  and  carbine  blank  cartridges,  caliber  .45. 
►.1MK>  friction  primers. 

100  pounds  mortar  powder,  new. 

Class  X. 
50  cartridge  bags,  unfilled,  for  8-inch  mortar. 

Miscellaneous. 

1  broom. 
1  maul. 

3oBD 
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APPENDIX  F. 

Statement  of  ordnance  stores^  dkc.^  distributed  to  the  Territories  and  Statee 
bordering  thereon  from  July  1,  1877,  to  June  30.  1878,  under  the  jinnt 
resolutions  of  July  3, 1876,  March  3, 1877,  and  June  7, 1878. 

200  Spencer  carbines,  caliber  .50. 
2, 100  Springfield  rifles,  caliber  .50. 
5, 040  Spencer  carbine  cartridges  (rim  Are),  calibre  .50. 
105, 000  nfle  ball  cartridges,  caliber  .50. 
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APPENDIX  G. 

Skewing  gtatians  and  duties  of  the  (Mcerg  of  the  Ordnance  Department 

on  the  let  of  October,  1878. 


Bank  and  name. 


Duty. 


BBIOABIfiS-OENEBAL. 

Stephen  V.  Ben4t Chief  of  Ordnance. 

COIiONSLS. 


L  P. V.  Hagner,  brevet  brigadier- 
general. 

2.  P.  D.  OaUender^  brevet  briga< 

dier-general. 

3.  T.  T.  8.  Laidley,  brevet 


Commanding  the  Watervliet  arse- 
nal. 
Commanding  the  Augusta  arsenaL 

Commanding  the  Watertown  arse- 
nal, and  president  of  the  United 
States  board  to  test  iron.  steeL 
&c. 

LIBUTENANX-COLONELS. 

1.  J.  G.  Benton,  brevet  colonel. .     Commanding  the  National  Armoiy, 

and  president  of  the  board  to  se- 
lect a  magazine-gun  for  the  Unit^ 
States  service. 

2.  J.  McAllister,  brevet  colonel . .     Commanding  the  Benicia  arsenal. 

3.  S.  Crispin,  brevet  colonel Commanding  the  ordnance  agency; 

president  of  the  ordnance  board, 
and  constructor  of  ordnance. 

4.  T.  J.  Treadwell,  brevet Member  of  the  ordnance  board. 

MAJORS. 

1.  T.  G.  Baylor,  brevet  colonel . .     Commanding  the  New  York  arsenal, 

and  meml)er  of  the  ordnance  board. 

2.  J.  M.  Whittemore,  brevet Commanding  the  Frankford  arsenal. 

3.  A.  B.  Buffington,  brevet Commanding  the  Allegheny  arsenal. 

4.  D.  W.  Flagler,  brevet  lieuteu-    Commanding  the  Bock  Island  arse- 

ant-colonel,  nal. 

5.  A.  Mordecai,  brevet  lieutenant-    Instructor  of  ordnance  and  gunnery, 

coloneL  United  States  Military  Aoadeny. 

6.  S.O.  Lyford,  brevet  lieutenant-    On  duty  in  the  office  of  tiie  Chief  of 

coloneL  Ordnance. 

7.  F.  H.  Parker,  brevet Commanding  the  Fort  Monroe  arse- 

nal, and  member  of  the  board  to 
select  a  magazine-gun  for  the 
United  States  service. 

8.  J.  P.  Farley Commanding  the  Kennebec  arsenal. 

and  member  of  the  board  to  select 
a  magazine-gun  for  the  United 
States  service. 

9.  L.  S.  Babbitt Chief  ordnance  officer,  Department 

of  the  Columbia. 
10.  W.  A.  Marye Assistant,  Benicia  arsenaL 
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Stations  and  duties  of  officers^  &c, — Continued. 
Hank  and  name.  Duty. 

CAPTAINS. 

1.  L  Arnold,  jr.,  brevet Commanding  the  Indianapolis  arse- 

nal. » 

2.  J.  H.  EolUns,  brevet Assistant,  Watervliet  arsenal    (on 

sick  leave  of  absence  for  one  year 
from  April  1, 1878). 

3.  C.  Comly,  brevet Commancliiig  the  San  Antonio  arse- 

nal, and  chief  ordnance  officer,  De- 
partment of  Texas. 

4.  J.  R.  McGinness,  brevet  major    Commandingthe  Saint  Louis  i)owder 

depot  (on  leave  of  absence  till  Oc- 
tober 23, 1878). 
6,  O.  W.  McEee,  brevet  major. .     Commanding  the  Washington  arse- 
nal. 

6.  F.  H.  Phipps,  brevet Recorder  of  the  ordnance  board. 

7.  J.  W.  Reilly,  brevet Chief  ordnance  officer,  Military  Di- 

vision of  the  Missouri. 

8.  J,  A.  Kress,  brevet  major Commanding  the  Vancouver  arsenal. 

9.  O.  E.  Michaelis,  brevet Chief  ordnance  officer,  Department 

of  Dakota. 

10.  W.  Prince,  brevet Sick  leave  of  absence  for  six  months 

from  June  5, 1878. 

11.  C.  E.  Dutton On  duty  with  Powell's  geological 

survey  of  the  Rocky  Mountain 
region. 

12.  J.  G.  Butler Assistant,  Watervliet  arsenal. 

13.  C.  Bryant Assistant  to  the  constructor  of  ord- 

nance. 

14.  A.  L.  Yamey Assistant,  Watervliet  arsenal. 

15.  J.  C.  Clifford Assistant,  Rock  Island  arsenal  (tem- 

porarily in  command  of  the  Saint 
Loiiis  powder  depot). 

16.  E.  M.  Wright Assistant,  Frankford  arsenal. 

17.  J.  E.  Greer Assistant,   National    Armory,   and 

recorder  of  the  board  to  selei't 
a  magazine-gun  for  the  United 
States  ser^ice. 

18.  J.  Pitman Assistant,  Wateii:own  arsenaL 

20]  vSJaScy  *.  *.  '.■.:!!'.:.*:!!;'.;.}     ^^^^  ^^  congress,  June  18, 1878. 

FIRST  LIEUTENANTS. 

1.  C.  Shaler Chief  oixlnance  officer.  Department 

of  the  South. 

2.  H.  Metcalfe Assistant,  Frankford  arsenal. 

3.  W.  S.  Starring Assistant  to  the  constnictor  of  ord- 

nance. 

4.  C.  S.  Smith Assistant,  New  York  agency. 

5.  S.  E.  Blunt Acting  assistant  professor  of  mathe- 

matics. United  States  Military 
Academy. 

6.  F.  Heath Assistant,  Rock  Island  arsenal. 
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Stations  and  duties  of  officers,  dbc. — Continued. 
Kank  and  name.  Duty. 

First  Ltexttenants. 

7.  D.  M.  Taylor Chief  ordnance  officer,  Department 

of  the  Missouri,  commanding  the 
Fort  Leavenworth  ordnance  depot. 

Sw  D.  A.  Lyle Assistant,  National  Armory,  and  on 

special  duty  experimenting  with 
life-saving  apparatus,  &c. 

9.  J.  Bockwell,  jr Assistant  instructor  of  ordnance  and 

gunnery,  MiUtary  Academy, 

10.  W.  B.  Weir Commanding  theCheyenneordnance 

depot. 

ILJ.  C.  Ayres Commanding  the    Fort   Abraham 

Lincoln  ordnance  depot. 

12.  M.  W.  Lyon Assistant,  Allegheny  arsenal. 

13.  C.  W.  Whipple Assistant  to  the  constructor  of  ord- 

nance. 

li  A  H.  Snssell Assistant,  Bock  Island  arsenal  (on 

sickleave  of  absence  for  sixmonths 
fix)m  September  6, 1878). 

15.  K  Bimie,  jr On  duty  with  the  engineer  survey 

west  of  the  one  hundredth  med- 
ian. 

M  L  HacNutt Assistant,  Bock  Island  arsenal. 

ORDNAIVGE  STOREKEEPERS. 

(Not  in  the  line  of  promotion.) 

£.  IngersoU,  major On  duty,  National  Armory. 

W.  B.  Shoemaker,  captain In  charge.  Fort  Union  arsenal. 

B.  H.  Gilbreth.  captain On  duty.  Watertown  arsenaL 

£.  D.  EUsworui,  captain On  sick  leave. 

W.  Adama,  captain On  duty,  Fort  Monroe  arsenal. 

A  S.  M.  morgan,  captain On  duty.  Bock  Island  arsenal. 

W.  H.  Bexfo^  captain In  charge  of  Fort  Yuma  ordnance 

depot. 

F.  Whyte,  captain On  duty,  Washington  arsenaL 

D.J.  Yoong,  captain On  duty,  WatervUet  arsenal. 

M.  J.  Orealish^  captain On  duty,  Augusta  arsenal. 
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APPENDIX  H. 

EXPEBBIENTS  WITH  AN  ELECTRICAL  INTERRUPTER.  BY  MAJOR  ALFRED 
MORDECAI,  ORDNANCE  DEPARTMENT,  UNITED  STATES  ARMY,  IN- 
STRUCTOR  OF  ORDNANCE  AND  GUNNERY  AT  THE  UNITED  STATES 
MILITARY  ACADEMY. 

(One  plate.) 

United  States  Military  Academy, 

West  Pmn%  N.  Y.,  December  31, 1875. 

This  device  was  first  tested  by  me  in  February  of  this  year,  and  was 
~  from  time  to  time  with  most  promising  results. 

in  order  to  compare  this  attachment  with  the  Schultz  interrupter,  I 
had  a  series  of  trials  made  here  very  recently  by  Mr.  J.  J.  O'Reilly,  from 
tbe'Franklbrd  Arsenal,  using  the  interrupter  belonging  to  the  chrono- 
aeope  at  that  arsenal. 

^e  conditions  imposed  were  that  the  circumstances  under  which  the 
triate  "were  made  should  be  as  nearly  as  possible  the  same  for  each  inter- 

IWs  -was  effected  by  the  trials  being  conducted  in  pairs  in  rapid  suo- 
eemon,  the  results  being  taken  with  the  same  battery  on  one  cylinder. 
T)ie  two  interrupters  were  so  arranged  that  a  switch  would  throw  one 
out  of  and  bring  the  other  into  operation. 
The  objec^ts  of  the  exx>eriment8  were  to  determine— 
First.  The  time  required  to  set  up  sustained  vibration  with  each. 
Second.  The  number  of  vibrations  in  a  second  and  their  uniformity. 
Third.  The  effect  of  temperature  and  state  of  atmosphere  on  number 
«f  vibrations. 
Fourth.  The  effect  produced  on  the  number  of  vibration^^ 
(a)  by  changiJig  amplitude ; 
It)  py  changing  length  of  spring ; 
(e)  by  changing  strength  of  spring ; 
(d)  by  changing  contact  of  spring. 
IWl  The  effect  of  altering  the  strength  of  the  battery. 
Tbe  remits  of  tliese  experiments  are  given  in  the  following  tables : 
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First  Series. — Schultz  Interrvpter. 


Trial 

Date 

Thermometer,  Fahr 

Barometer  at  32®  Fiihr. . 
Galvanic  battery,  No.  of 

cells. 
Amplitude  of  ribration 

in  saw-teeth. 


Seconds. 


1. 


3. 


October  25,  1875. 


710  750 

29".  75  I  29'M?3 


6 

Same  as 
flrat  with 
Russell. 


6 
6 


4. 


5. 


6. 


r. 


S. 


9. 


October  26,  1875. 


750 
30".  02 

7 

6i 


700 
29".  89 
6 


700  70O 

29".  89  I  29". 99 
9    '  7 


7^ 


6i 


70°     I     700 
29".  99     29".  99 

7    )         7 


64 


6 


55<5 

30".  03 

7 

6i 


Double  vibrations. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Hean  error  in  one  second :  { 
Double  vibration ± , 


Second 


249.8 

249.4 

249.8 

249.6 

249.7 

249.6 

249.7 

249.8 

249.8 

249.7 

249.3 

249.8 

249.6 

249.6 

249. 7 

249.7 

249.7 

240.8 

249. 7 

249.5 

249.8 

249.7 

249.6 

249.8 

249.8 

249.7 

249.7 

240.6 

249.2 

249,7 

249.7 

249. 5 

249. 7 

249.6 

249.8 

249.8 

249. 6 

249.3 

249.7 

249^5 

249.6 

249.8 

249.65 

249.7 

249.7 

249. 6 

249.6 

249.7 

249.65 

249.5 

249.8 

249.55 

249.5 

249.7 

249.8 

249.3 

249.7 

249.65 

249.5 

249.7 

249.6 

249.6 

249.7 

249.75 

249.3 

249.6 

249.6 

249.4 

249.7 

249.5 

249.6 

249.7 

249. 75 

249. 1 

249.5 

249. 75 

249.45 

249.6 

249.6 

249.7 

249.8 

249.7 

249.1 

249.6 

249.65 

249.4 

249.6 

249.6 

249.6 

249,6 

249.6 

249.7 

249.69 

249. 34 

249.69 

249.64 

249.52 

249.70 

249.63 

249.67 

249.74 

0. 0616 

0.138 

0.074 

0.052 

0.079 

0.06 

0.066 

0.076 

0.048 

0.00024 

0.00055 

0.00029 

0.0002 

0.00032 

0.00024 

0.00026 

0.0003 

0.00019 

IfOTE. — The  amplitude  of  vibration  is  in  all  cases  expressed  in  "saw*teeth  "  of  the  micrometer  scale. 

First  Series. — Russell  Interrupter, 


1 

Trial 

1. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

3* 

Date 

October 

25, 1875. 

Ocl 

:ober  26, 

1875. 

Thermometer.  Fahr.. 

Barometer  at  32<>  Fahr 

Galvanic  battery,  No. 
of  cells. 

Amplitude  of  vibra- 
tion in  saw-teeth. 

710 

29".79 

4 

Ssmeas 
Istwlth 
Schultz. 

750 

29".83 

6 

750 

30".02 

7 

720 

29".87 

4 

8 

720 

29".87 

6 

10 

740 
29".93 

7 

8* 

740 

29".93 
7 

81 

740 

29".93 
7 

9 

550 

90".03 

7 

10 

Seconds. 

Dou 

ble  vibm 

ktions. 

1 

249.9 
249.9 
250.0 
250.0 
250.0 
249.9 
249.9 
249.8 
250.0 
249.9 
249.8 
249.9 
249.9 
250.0 
249.9 
249.8 
249.9 
250.0 
249.8 
249.9 

249.8 
249.7 
249.8 
249.7 
249.7 
249.7 
249.7 
249.5 
249.6 
249.7 
249.6 
249.5 

250.1 

250.1 

250.0 

250.0 

249.9 

249.95 

249.95 

249.9 

249.9 

250.0 

250.1 

250.0 

250.0 

250.0 

249.9 

249.9 

249.95 

249.9 

250.0 

250.1 

250.0 

250.0 

250.0 

249.9 

249.8 

249.85 

249.8 

249.8 

250.1 
250.0 
249.9 
250.0 
249.9 
249.8 
249.9 
249.8 
249.9 
249.8 

250.0 
250.1 
249.9 
249.9 
249.9 
249.9 
249.9 
249.8 
249.8 
249.8 

249.9 

249.95 

249.9 

249.95 

249.9 

249.8 

249.9 

250.0 

249.9 

249.95 

250.2 

2 

250.3 

3 

250.2 

4 

250.2 

5 

250.1 

6 

250.2 

7 

250.2 

8 

250.2 

5:::::. ..::::.. .:.... 

250.2 

10 

11 

12 

13 

14 

. .  ..... 

15 

"  • 

16 

17 

18 

19 

20 

.••■«•  . 

Average 

Hean  error  in  one 
second: 

Double  vibration  ± 
Second ± 

240.01 

0.054 
0.00022 

249.67 

,    0.0766 
0.0003 

249.98 

0.06 
000024 

249.97 

0.056 
0.00022 

249.92 

0.095 
0  00038 

249.91 

0.07 
0.00028 

249.9 

0.06 
0.00024 

249.91 

0.037 
0.00015 

250.2 

0.022 
0.000088 
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Second  Series. — Snusell  Inietrupter, 


Tmi' 

1. 

5. 

4.     i 

6. 

&i.aHa^.  .........  .......... 

r*4fe..... 

October  27,  1875. 

IVrnkoiBefier.  Ffthr 

B«nieK»ter  at  320  TBhx... 
trfilvakhftttery,  number 

710 
29".  64 

6 

TOO 
29".71 

6 

70® 
29".  71 

6 

70O 
29". 71 

6 

70° 
29".  69 

6 

710.5 
29".  74 

6 

710. 5 
29".  74 

6 

710.5 
29". 74 

6 

^fs4  rf  nniax  r .......... 

No.  1,  light. 

No. 

3,  very  light. 

iw^re>»  of  pmeore 

A^lnitade  of  vibration 
Q  ttir-teeth 

Light... 
8.5 

Light.. 
7 

t 
Medium. 

8 

Strong  . 
9 

Light  . 
d.  5  or  9 

Light  . . 
7.5 

Medium. 

8.5 

Strong. 
9.5 

Double  yibrations. 

. 

250.00 
249.95 
249.90 
240.86 
249.90 
249.90 
249.80 
249.90 
249.90 
249.80 
249.85 
249.85 
249.70 
249.90 
249.80 
249.90 
249.85 
249.80 
249.80 
249.90 

250.40 
250.30 
250.40 
250.20 
250.30 

250.40 
250.30 
250.30 
250.30 
250.40 
2.50.00 
250.00 

250.60 
250.50 
250.50 
250.40 
250.40 

249.90 
249.90 
249.90 
249.90 
240.80 
240.80 
249.80 
249.80 



250.10 
250. 10 
249.90 
249.90 
249.90 

250.10 
249.90 
249.70 
249.90 

240.9 

«• 

249.7 

. 

249.6 

4 

249.7 

249.7 

< 

249.6 

• 

» 

t 

y 

'••"•••••• 

i 

T' 

• 

■ 

-, 

A                       

H                           

li 



»" 

i»     .                     

i? 

""•••••* 

Se 

AToage 

)(««B  vsTor  in  one  second : 

IiraUeTiteBtion ± 

Sycfuid ± 

249.86 

0.0625 
0.00021 

250.32 

0.064 
0.00025 

250.24 

0.14 
0.00056 

250.48 

0.064 
0.00025 

249.85 

0.05 
0.0002 

249.98 

0.096 
0.00039 

249.90 

0.01 
0.0004 

1 

249.7 

0.066 
0.00026 
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Second  Ssriks. — Eu99eU  Intetrupter — Continued. 


Trial 

3. 

9. 

4. 

Bate 

October  27,  1875. 

Thennomft^r,  Fabr   ,  r 

72° 

29". 63  ' 
6 

60° 

29". 07 
8 

60O 
29".  67 
6 

60° 
29".  67 
6 

70© 

PBroinft<*r  at  32®  Fahr. 

29^'.  <S9 

OaWMiic  Ixatterv.  number  of  cll«       

6 

— 
1 

Kin^  of  Horinff ^ t,,. 

No.  2,  heavy. 

IDetree  of  prtwinre 

Light 

6 

Light 

7.5 

Medium.. 
1              '-' 

Strong 

10 

Light. 

8. 5  or  9 

Amplitude  of  vibration  in  saw 

■teeth.. 

Seconds. 

Doable  variations. 

1 

*250.20 

*249.eo 

*250.20 

*249.70 

*250. 10 

250.00 

249.80 

249.95 

249.95 

249.90 

249.90 

249.90 

249.90 

249.05 

249.85 

249.95 

249.90 

249.85 

249.85 

249.90 
250.00 
250.05 
250.00 
250.00 

250.95 
251.00 
250.80 
250.90 
250.80 

249.20 
249.10 
248.90 
248.90 
249.20 
248.60 

249.  90 

2 

249.  90 

3 

250.00 

4 

250.00 

5 

249.  80 

6 

249.  80 

7 

............ 

249.90 

8 

249.  80 

9 

10 

11 

■ 

12 

. ........... 

13 

1 

14 

...          ...                .. 

1.     ........... 

15 

1 

16 

:::::::::::: 

1 

17 

1 

..:.;;; ; ; ; :..; 

18 

!•  ""■•••■•••■ 

19 

t 

{  "  "                 1 

' 1 * •* 

Average 

249.93 
0.091S 

o.ooode? 

250.00 

0.04 
0.00016 

'          250.89 

1 

1          0.072 
0.0002 

248.98 

0.188 
0.00073 

249.87 

Hean  errorm  one  eecond : 
Double  vibiation -  - . . 

0.07 

Seoond 

0.00028 

1 

*  Average  for  fire  periods,  250.0. 

The  object  of  each  trial  as  noted  was,  in  first  series : 

First  trial  with  each  was  on  diflferent  cylinders,  batteries  different,  to 
compare  time,  amplitade  being  the  same.  Fifteen  minutes  occupied 
adjusting  Schultz. 

Second  trial  with  each  taken  on  same  cylinder,  battery  the  same,  to 
compare  time  and  amplitude.  One  minute  occupied  changing  fix>ni 
Schultz  to  EusseU  and  adjusting  latter. 

Fourth  trial  with  each  on  same  cylinder,  to  determine  relative  effect 
on  time  and  on  amplitude  by  increasing  strength  of  battery.  One  and 
a  half  minutes  occupied  changing  from  Schultz  to  Bussell  and  adjust- 
ing latter. 

Fifth  and  sixth  trials  with  Schultz  on  same  cylinder,  to  determine  effect 
on  time,  on  amplitude^  and  on  adjustment  by  increasing  battery.  Five 
minutes  reqmred  to  aqjust  interrupter  after  increase  of  battery. 

Fifth  and  sixth  trials  with  Bussell  on  same  cylinder,  to  determine 
effect  on  time,  on  amplitude,  and  on  adjustment  by  increasing  battery. 
No  adjustment  required  after  increase  of  battery. 

Seventh,  eighth,  and  ninth  trials  with  Schultz  on  same  cylinder,  to 
determine  variation  in  time  and  in  amplitude  and  adjustment  necessary, 
a  pause  of  ten  minutes  being  allowed  between  the  first  and  second,  and 
five  minutes  between  second  and  third.  !N^o  adjustment  required  be- 
tween trials. 
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Seventh,  eighth,  and  nintli  trials  witli  Bassell  ibr  same  purpose  as  oor- 
responduokg  tmds  with  Scholtz.  Five  minates  between  irst  and  second. 
md  ten  minutes  between  second  and  third.  No  a<\justiaent  required 
between  trials. 

Third  trial  with  each  interrupter  was  on  the  same  cylinder  to  detw- 
mine  effect  of  change  of  temperature  on  time  and  on  amplitude.  Two 
ndnntes  occupied  chsmging  from  SchuHi;  to  Russell  and  adjusting  latter. 

In  second  series : 

First  and  second  trials  on  different  cylinders,  to  compare  efBect  on 
time  and  on  amplitude,  springs  of  different  stiffiiess  being  used,  battery 
the  same. 

Fifth,  sixth,  and  third  trials  each  on  separate  cylinder,  to  determine, 
with  springs  of  different  stiffiiiess,  effect  on  time  and  on  amplitude ; 
spnng  and  battery  in  each  set  the  same,  but  contact  of  spring  and  point 
on  fork  varying. 

Fourth  trials  on  one  cylinder,  compared  with  first  and  second  trials, 
showing  effect  on  time  and  on  amplitude  of  different  springs  when  the 
manner  in  which  they  were  attached  to  plate  was  varied.  The  spring 
was  held  by  a  screw.  In  all  other  trials  of  both  series  it  was  held  by 
three  projections. 

Before  using  the  Frankford  interrupter  the  one  belonring  to  the  instru- 
ment here  was  tried.  Four  days  were  spent  by  Mr.  0^;B^illy  in  trying 
to  get  it  into  working  order,  and  then  so  unsatisfactory  was  the  result 
that  the  Frankford  interrupter  was  sent  for.  This  one  differed  from  the 
former  in  that  the  wooden  block  supporting  the  beam  was  replaced  by 
two  brass  columns.  After  it  had  been  placed  in  x>o8ition  but  fifteen 
minutes  were  occupied  in  bringing  it  into  adjustment. 

Hie  Bussell  interrupter  has  b^n  allowed,  at  different  times,  to  run 
uninterruptedly  for  several  hours  without  any  attention  being  given  to 
it.  A  reduction  in  the  amplitude  was  found  to  occur  5  by  a  slight  turn 
of  Hie  adjusting  screw  the  original  amplitude  was  speedily  re-established. 
After  tbis  interrupter  had  been  in  ox)eration  for  eight  consecutive  hours 
a  hole  was  found  burned  through  the  end  of  the  spring,  but  the  vibra- 
tion still  continued,  though  not  with  the  original  amplitude.  The  posi- 
tion of  the  spring  in  the  holder  was  quickly  (Ranged,  and  die  interrupter 
was  again  in  proper  order. 

In  &e  preceding  tables  s<Mne  discrepancies  will  be  observed  which 
cannot  be  satisfactorily  accounted  for :  first,  the  variation  in  the  time, 
when  the  temperature  of  the  air  was  changed  (see  trials  third  ef  first 
series),  is  greater  for  the  Bussell  than  for  the  Schultf; ;  second,  ttie  varia- 
tion m  time  between  the  first  ami  second  trials  with  eadh  interrapter, 
in  the  first  series,  is  marked,  and  without  cause ;  third,  the  three  cases 
recorded  in  the  fifth  trial,  seccmd  series,  are  very  uniform,  but  do  not 
agree  with  the  time  given  in  the  first,  second,  fourth,  and.  sixth  trials, 
all  of  which  are  quite  uniform. 

In  the  third  trial,  where  the  pressure  was  "  medium  ^  and  "  strong,'' 
the  vibration  of  the  fork  was  undoubtedly  affected  by  the  contact  of  the 
spring. 

Borne  of  the  trials  were  not  pursued  to  an  extent  sufficient  to  make 
the  results  of  value. 

The  effect  on  time  of  vibration,  with  any  interrupter,  produced  by  a 
great  change  in  the  temperature  of  tiie  air,  and  consequently  of  the 
metal  parts  of  the  instrument,  is  more  interesting  than  useful,  as  in 
practice  no  such  variation  is  liable  to  occur.  The  clock  being  acted 
«pon  by  such  change  much  more  than  is  the  instrument  proper,  would 
cause  variation  iu  the  recoiil.    When  such  tests  are  made,  the  clock 
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should  therefore  be  kept  at  a  uniform  temperature,  which  was  not  done 
in  the  trials  in  question.  It  would  seem  but  proper  that  under  all  cir- 
cumstances a  more  accurate  time-piece,  as  a  chronometer,  should  be 
employed  with  an  instrument  intended  to  record  such  minute  intervals 
of  time. 

From  the  first  series  the  mean  of  all  the  trials  with  the  Schultz  inter- 
rupter gives  the  "mean  error  in  one  second^  as  ±0.0888  double  vibra- 
tion, or  ±0.00035  second,  and  the  same  for  the  Bussell  as  ±0.08  double 
vibration,  or  ±0.00032  second. 

These  results  vary  but  little  from  the  limit  of  allowable  error  estab- 
lished by  Captain  Piince,  Ordnance  Department,  in  the  elaborate  exper- 
iments made  by  him  at  the  Frankford  Arsenal  in  November,  1871  (Ord- 
nance Notes.  No.  IV). 

If  the  reaoings  taken  in  the  second  and  third  trials  of  the  first  series 
be  discarded,  the  errors  fall  much  below  that  given  by  Captain  Prince. 

The  trials  that  have  been  made  so  far  are  in  some  respects  only  pre- 
liminary; but  they  are,  in  my  opinion,  suflScient  to  prove  the  value  of 
the  inteiTupter,  and  that  it  can.  with  good  advantage,  be  substituted 
for  the  one  supplied  by  Schultz  lor  use  with  his  chronoscope. 

The  spring  noted  No.  1  (0".l  wide)  is  believed  to  be  the  most  suita- 
ble, though  any  spring  will  probably  give  uniform  results.  The  x)ress- 
ure  of  the  spring  against  the  platinum  point  should  be  '^  light." 

The  eating  away  of  the  spring  by  the  spark,  and  its  roughening  be- 
rfore  perforation  occurs,  are  points  readily  overcome  by  moving  the 
spring  or  by  substituting  a  new  one.  Ordinarily,  the  machine  woiUd  be 
used  for  a  long  time  before  any  wear  would  be  noticeable. 

The  simplicity  of  the  intemii>ter,  its  ready  adai)tability  to  any  tuning- 
fork,  the  imx)ossibility  of  its  getting  out  of  order,  and  the  ease  with  which 
it  is  at  any  time  speedily  adjusted,  promise  to  make  it  of  much  value. 

Irrespective  of  the  construction  of  this  device,  most  uniform  results 
are  obtained  by  it,  with  a  greater  amplitude  of  vibration  than  is  practi- 
cable with  the  Schultz  interrupter,  and  with  much  less  strength  of 
battery. 

Very  successful  experiment*  have  been  made  here  with  an  auxiliary 
pointer  attached  to  the  bed  of  the  metal  standard  8  S  projecting  at  r, 
by  which  the  middle  line  is  traced  whilst  the  fork  is  vibrating.  Thin 
pointer  is  a<\justed  so  that  the  fork  being  at  rest,  it  and  the  i>ointer  on 
the  fork  will  describe  the  same  path  on  the  cylinder. 

An  alteration  which  might  with  little  labor  be  made  in  the  chrono- 
scox>6,  but  which  would  render  it  still  more  complicated,  possibly  with- 
out commensurable  advantage,  would  be  the  introduction  of  a  second 
Buhmkorff  coQ,  with  its  battery,  by  which  the  clock  could  record  its 
beats  constantly  on  the  cylinder  to  one  side  of  the  sinuous  line  whilst 
the  rupture  of  the  targets  could  be  noted  on  the  opposite  side.  This 
might  require  the  employment  of  a  different  translating  screw,  and  a 
reduction  in  the  number  of  readings  which  the  cylinder  is  now  capable 
of  containing. 

Note. — On  the  completion  of  the  fifth  trial  of  the  second  series  the 
spring  was  found  to  be  loose  in  the  holder,  one  of  the  projecting  pieces 
being  broken ;  this  had  to  be  repaired  before  the  sixth  trial. 

By  this  arrangement,  a  break-circuit  chronometer  being  used,  one 
source  of  error  should  be  reduced  to  a  minimum. 

This  interrupter  is  fully  described  in  the  following  letter  of  First  Lieut. 
A.  H.  Bussell,  Ordnance  Department,  United  States  Army : 

Sir  :  In  accordance  with  your  request  I  submit  a  description  of  the  electrical  inter- 
rupter devised  by  me  for  the  Schultz  chronoscope. 
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The  change  conslBts  in  replacing  the  detached  merciuy  inteTTupter  now  in  nse  by  a 
light  metalnc  spring,  which  is  pressed  against  the  tuning-fork  on  the  inner  side  of  one 
prong,  making  the  fork  its  own  interrupter  when  the  electrical  current  is  passed 
through  it. 

Fig.  1  represents  a  part  of  the  original  machine.  The  end  of  the  tuning-fork  is 
eihowii  at  M,  and  above  it  the  ebonite  table  A  insulating  the  clamps  b  V  and  the  sup- 
port c  &, 

Fig.  2  shows  the  new  device.  B  is  a  brass  plate  which  is  fastened  to  the  table  A 
(fi^.  i)  by  the  screw  d  working  through  the  slot  g  into  the  base  of  the  clamp  h  (fig.  1). 
This  screw  should  have  a  milled  head,  as  at  d'  (tigs.  2  and  3).  Riveted  or  screwed  to 
the  plate  B  is  an  elastic  strip,  e,  fitted  with  a  screw  as  at/,  or  simply  with  projections 
as  at  Z'.  to  hold  the  spring  «.  A  screw  (f>  works  through  the  plate  B  against  the  strip 
e,  thereby  raising  or  lowering  the  end  ot  the  latter.  By  this  means  the  spring  8,  for 
which  a  piece  orwatch-spring  may  be  used,  can  be  pressed  against  the  platinum  point 
p  fixed  on  the  inner  side  of  the  counterpoise  m  of  the  tuning-fork. 

The  fork  and  the  spring  are  connected  with  the  opposite  poles  of  a  galvanic  battery^ 
and  the  current  is  made  and  broken  at  p  by  the  vibration  of  the  fork. 

For  adjustment  the  plate  B  is  slipped  under  the  table  A  and  fastened  by  the  screw 
dy  SO  that  the  spring  •  is  Just  out  of  contact  with  the  point  p. 

Fig.  3  shows  the  tuning-fork  with  the  new  interrupter  in  position  and  the  connec- 
tions complete.  A  thumb-screw  (r)  is  attached  to  the  base  of  the  fork  for  receiving 
one  wire  from  the  battery.  The  other  wire  runs  about  the  electro-magnets  at  IT,  and 
thence  to  the  thumb-screw  (.    A  battery  of  four  Bunsen's  cells  works  the  interrupter. 

The  wires  being  adjusted,  the  circuit  is  completed  at  p  by  a  turn  of  the  screw  t,  and 
the  electro-magnets  becoming  ma^etized  draw  the  prongs  apart.  This  breaks  contact 
at  p;  the  fork  lies  back  and  continues  to  vibrate,  tue  contact  being  made  and  broken 
at  every  vibration. 

The  advantages  of  this  device  over  the  old  interrupter  are  as  follows : 

1.  The  acQustoients  are  exceedingly  simple,  and  they  require  but  little  time,  while 
with  the  detached  mercury  interrupter  they  are  very  delicate  and  difficult. 

2.  The  manipulation  is  very  simple  and  rapid,  a  mere  turn  of  the  screw  producing 
vibration. 

3.  The  use  of  the  mercury  cup  is  entirely  avoided. 

4.  Extra  electro-magnets  for  the  interrupter  are  dispensed  with,  and  the  strength  of 
the  battery  can  be  greatly  reduced. 

5.  The  arrangement  is  cheap  and  simple,  and  not  easily  deranged. 

This  interrupter  has  been  in  constant  use  for  several  mouths,  and  it  has  been  prac- 
tically and  successfully  tested  with  the  machine. 


PLATE  I. 
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appeistdej:  i. 

THE  APPLICATION  OF  FORMULAS  AND  GENERAL  TABLES  TO  PROBLEMS 
IX  PRACTICAL  GL^NNERY.  BY  CAPT.  GEORGE  W.  McKEE,  ORDNANCE 
BEPABTMENT^  UNITED  STATES  ARMY. 

Sandy  Hook,  New  York  Harbor, 

October  24, 1875. 

In  obedience  to  the  instractions  of  the  Chief  of  Ordnance,  the  follow- 
ini^  tables  of  energies  were  calculated  for  the  15^'  Rodman  gun  and  the 
8"  rifle  converted  fixwn  a  10"  Eodman  smooth-bore  gun. 

Accompanying  this,  also,  a^^  some  of  the  formulas  used  in  the  prepa- 
ration of  reports  by  the  board  on  experimental  guns,  convened  under 
orders  of  the  War  Department,  October  10, 1874.  Some  of  these  were 
taken  from  the  very  able  "Text-Book  on  the  construction  and  manu- 
fK'ture  of  the  rifled  ordnance  in  the  British  service,  from  the  report  of 
Capt,  W.  H.  Noble,  of  the  Royal  Artillery,  on  the  i)enetration  of  iron 
armor  by  steel  shot,''  and  from  the  "Ordnance  and  Gunnery"  of  Lieut. 
CoL  J.  G.  Benton,  United  States  Ordnance  Corps. 

Following  will  be  found  a  brief  description  of  the  subject-matter — the 
cases  being  calculated  for  the  8''  and  9"  converted  United  States  rifles; 
but  their  statements  being  made  mostly  in  the  language  of  the  "Text- 
Book,"  above  referred  to,  which  could  scarcely  be  improved  on. 

In  order  to  determine  the  initial  velocity  of  a  projectile,  it  is  necessary 
to  know  the  exact  time  it  consumes  in  passing  over  a  given  distance. 
This  is  conveniently  determined  by  electricity — the  projectile  passing 
through  wire  targets  and  thus  breaking  the  circuit — the  time  of  flight 
Wn«^  recorded  by  various  ingenious  instruments.* 

At  Sandy  Hook  the  wire  targets  have  an  interval  of  lOO'  between 
them,  the  first  target  being  OO'  from  the  muzzle  of  the  gun.  The  instru- 
iBent  therefore  records  the  precise  instant  when  the  shot  cuts  the  first 
larget  at  sixty  (OO')  feet,  and  the  second  at  160'  from  the  muzzle  of  the 
pm.  Hence  the  time  occupied  in  passing  from  the  first  to  the  second 
^ia^rget  (a  distance  of  100')  is  known,  and  by  dividing  this  distance  by 
the  time,  the  velocity  of  the  projectile  at  a  point  midway  between  the 
targets  is  found.  It  will  be  seen  that  this  is  the  renmining  velocity  of 
the  projectile  at  llO'  from  the  muzzle  of  the  gun.  In  order  to  get  the 
^^tzzle-relocityy  it  is  necessary  to  calculate  the  loss  due  to  the  resistance 
of  the  air  over  Ais  distance  of  llO',  and  the  formula  enii)loyed  for  this 
prapose  by  Capt.  W.  H.  Noble,  R.  A.,  has  been  used  in  the  preparation 
of  tables  accompanying  reports  of  these  experiments. 

This  formula  is  as  follows: 

1  +  cV  X  (1) 

where  t 

rs  remaining  velocity  in  feet. 
V= initial  velocity  in  feet. 
x= distance  from  the  muzzle — ^in  feet. 

w 

^ I ■  I  -  ---.—- ^ —       -  y — I        I  B  I  ■!  !■■       ■■■■  ^^         »■        _        _. 

'Affionff  those  may  be  mentioned  the  Schultz  chronoscope,  Benton's  West  Point  bal- 
listic maenine  and  thread  velocimeter,  the  Le  Bonlenge  chronograph,  and  the  Lenrs- 
^txn  maebine,  as  those  generally  used  by  American  ordnance  officers. 

tText^Book  on  the  constmction  and  manufacture  of  the  rifled  ordnance  in  the  British 
•r^ce,  page  196. 
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R  =  radius  of  the  projectile — ^in  feet. 
W  =  weight  of  the  projectile — in  x)oiin(ls. 
&  =  a  variable  coefficient  depending  on  the  form  of  the  shot  and 
velocity  of  the  projectile. 

Now  the  ogival  form  of  head  is  that  used  for  all  service  elongated  pro- 
jectiles, and  for  this  form  of  projectile,  and  for  velocities  over  IICKK  a 
second,  b  mav  be  supposed  constant,  and  for  all  practical  pnrijoses  is 
assumed  to  be  0.000063. 

Suppose,  for  example,  we  wish  to  And  the  muzzle  (or  initial)  velocity 
of  a  186-i)ound  projectile  fired  from  the  United  States  8''  converted  rifle 
No.  1,  the  observed  or  instrumental  velocity  being  1368'.  In  this  ca.se 
we  have — 

Diameter  of  shot  =  7. 95  inches.* 

K  =r  0. 33125  feet. 
K'^  =  0. 1097265625  square  feet. 
&  =  0. 000063. 
&  R»  =  0. 0000060127734375. 
W  =  186  pounds. 

c  =  ^  =  .0000000371654485 

X  =  110  feet. 
V  ==  1368  feet. 

By  transposing  the  equation 

we  have 

V  =  _J^ (2) 

Substituting  the  above  values  of  v  c  and  jt,  we  have 

V  _  1368  __  1  o-/» 

~  1  —  .000(HKH>3716544^5  x  13i)8  x  110  ""      '   * 

Taking  equation  No.  1  to  find  the  remaining  velocity  at  1,000  yards, 
we  substitute  the  values  of  c  V  and  x  (x  ==  3000)  and  have 

r  = ^511! =  1103 

1  +  .000(KI00371G544<S5  x  1376  x  3000 

To  detennine  the  energy  or  ^is-viva  of  a  projectile  at  any  point  of  its 
flight  in  foot-pounds  the  old  and  well-known  formula  (3)t  E  =  -r,--  ^^ 

used,  in  which 

W  =  weight  of  pi-qjectile  in  pounds. 
V  =  velocity  in  feet. 
g  =  force  of  gravity  (32.2). 

To  convert  these  foot-pounds  into  foot-tons  divide  by  2240. 

Taking  the  above  example  and  substituting  the  values  of  E  v  and  g, 
we  have 

T3,      186  X  1376*      oiM  ^    4^4- 
^  =  64XX-22T0  =  ^^'^  ^^^^'^^^-^' 

•  As  the  sabot  in  expanding  brings  the  diameter  of  that  portion  of  the  shot  up  to  8 
inches^  R  might  very  properly  be  made  4  inches ;  but  as  the  body  of  the  shot  stiU  re- 
tains its  original  diameter,  and  every  variety  of  sabot  does  not  necessarily  t-ake  the 
grooves  weU,  it  was  thought  safer  to  take  the  diameter  tlie  shot  has  before  tiling. 

\g\s  taken  equal  to  32.2;  its  actual  value  is  32.n585r>7  -f  for  the  latitude  of  New  York 
City.  As  it  enters  the  divisor,  the  values  of  E  will  therefore  be  less  than  the  actual 
energies  of  the  gun — ^thus  basing  the  subsequent  calculations  on  a  liberal,  safe,  and 
reUaole  margin. 
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Knowing  the  energy  of  the  projectile  at  any  point  of  its  flight,  its  pene- 
iraUve  power  can  be  determined  readily  on  the  piinciple,  based  on  actual 
experiment,  that  the  resistance  to  penetration  of  a  projectile  into  armor 
plates  varies  directly  as  the  diameter  or  circumference,  the  total  energy 
being  constant. 

For  instance,  if  two  shot,  of  ths  same  weight  and  moving  with  the  same 
velocity^  have  one  a  diameter  of  W  and  the  other  only  5'',  the  resistance 
to  penetration  of  the  former  will  be  twice  that  of  the  latter.  Therefore, 
to  determine  the  penetrative  power,  divide  the  energy  by  the  number  of 
inches  in  the  shof  s  circumference. 

This  gives,  at  a  glance,  to  artillerists  the  relative  powers  of  guns  in 
foottons  per  inch  of  circumference  of  their  projectiles. 

Taking  the  above  data  at  the  muzzle 

B  »  3.975  inches 
2  T  E  =  24.9757, 

we  find  by  substituting  these  values  in  this  expression  for  energy  divided 
by  shot's  circumference  in  inches 

E'  =  ,,^/'     ==  ^,  ,  ^^l^^iy^oo.A  =  97.7  foot-tons.      (4) 
2  </  2  :r  B       64.4  X  24.9757  x  2240  ^  ' 

Wdion's  formula  for  practical  use  may  be  briefly  summarized  as  fol- 
lows: 

On  page  403,  Benton's  Ordnance  and  Gunnery,  will  be  found  the 
equation 


/o  =  A  r  B*  ^1  +  -^i7»  (5) 


where  p  ==  general  expression  for  resistance  in  air. 

A  =  resistance  in  iwunds  on  a  square  foot  of  the  cross-section 
of  a  projectile,  moving  with  a  velocity  of  one  foot. 

r  =  a  linear  quantity  depending  on  the  velocity  of  the  projectile, 
and  for  all  service  velocities =1427  feet. 
On  page  405  we  find :  ' 

Ajrja* 
2c  "^     _  ,  or2c=   ~^~^^  ^gj 

in  which 

•A  =  same  as  above  and  for  all  service  spherical  projectiles=: 
0.000514. 
g  =  force  of  gravity. 
B  =  radius  of  projectile  in  feet. 
P  =  weight  of  projectile  in  pounds. 

c  s-  relative  ability  of  a  projectile  to  overcome  the  resistance 
of  the  air. 
On  page  415  will  be  found  one  of  the  equations  of  the  trajectory  in 

air,  r  =  ^  (7) 

in  which  v  =  remaining  velocity  in  feet. 
V  =  initial  velocity  in  feet. 
U  =  a  multiplier  relating  to  the  velocity,  being  a  iunction  of 

*The  value  of  A  for  elongated  projectiles,  according  to  Capt.  William  Prince,  Or 
nance  Department,  is  equal  to  .00037157. 

4  OBD 
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X        V 

-—and-- ;  x  representing  the  horizontal  distance  in  feet,  from  the  muz- 
zle of  the  gun,  of  that  point  of  the  trajectory  where  the  remaining  ve- 
locity is  desired. 

To  facilitate  the  calculations  a  table  of  values  for  XJ  has  been  com- 
puted, and  will  be  found  on  page  512,  Benton's  Ordnance  and  Gunnery. 

X        V 
Having,  from  the  previous  data,  found  the  values  of  ■—  and  —,  look  in 

Table  3  (Values  of  XJ  for  velocities,  &c.),  on  the  upper  horizontal  line, 

X 

for  the  next  nearest  tabular  number  to  the  value  of  — ,  and  in  the  left- 

hand  vertical  column  for  the  corresponding  next  nearest  tabular  num- 

y  a?  V 

ber  for  — -,  subtract  these  tabular  numbers  from  the  values  of  —  and    — 

already  found.    Di\ide  these  differences  respectively  by  1000  and  500. 

X  V 

Subtract  the  value  of  --  from  its  next  horizontal  number,  and  of  —  from 

its  next  vertical  number,  and  multiply  the  quotients  obtained  above  by 
the  remainders. 

EXAMPLE. 

Find  the  remaining  velocity  of  a  15''  smooth-bore  solid  shot,  weight 
450  poimds,  at  400  yards  from  the  muzzle— the  muzzle  velocity  being 
1700',  diameter  of  shot  =  14''.90. 

Taking  equation  (6)  we  have : 

*^=  32.2 

A  =  .000514 

7r=:  3.1416 

E  =  .020833' 
Log.  ^=:log.         32.2  =  1.507856 
Log.  A  =  log.        .000514  =  -  4.710963 
Log.  TT  =  log.  3.1416  =      0.497151 

Log.  E  =  log.        .620833  =  -  1.792975 
Log.  E  =  log.        .620833  =  — 1.792975 


Log.  450  =  2.653213 
-  2.301920 


-  2.301920 


Log.  2  c  =  4.351293 

2  c  =  22453.99 

c  =  11226.99 


•According  to  the  calcalatious  of  Mr.  H.  A.  Sinclair,  who  worked  a  large  Hhare  of 
these  tables,  the  value  of  g  for  New  York  City  is  IJ2.168557-f-feet,  by  8ubtra<*ting  from 
the  value  of  g,  at  Ab^  latitude,  the  product  of  .0821  into  the  cosine  of  twice  the  lati- 
tude of  New  York ;  and  by  Sabine's  method  of  multiplving  the  length  of  the  hcooiuIh 
pendulum  for  New  York  by  w«,  (^  =  32,  160592 -f,  making  a  dift'ercuce  of  not  quite 
eight- thousandths  of  a  foot  between  the  two  methods.    These  methods  are  as  folio wh  : 

.7  =  32.1808  — 0.0821  COB.  2  L       \r^^  jj,         ^ 

L  =  latitude  of  New  York  City.  (  ^^^^ance  Manual. 

I  =  0.99102557  +  0.00507188  sin«  ♦  ^ 

2.=  length  of  seconds  pendulum  in  metres.  I  a  i  • 
♦  =  latitude  of  New  York  City.  f  »«'»^'*«- 

^  =  7rU  =  32.160592+  J 

The  latitude  of  New  York  City  =  40°  42'43'M6  was  taken  from  the  United  States 
Coast  Survey  Charts. 
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X  1200 

c  = =1069 

11226.99 
V_  1700 
r  ""  1427  ~  1*1^13 

F  (0.1069;  1.1913)  =  1.120 
U  (0.10;  1.15)  ==  1.110 

69 

1000  ^^^ ""  -^^ 

413 
g^3=.002 

V      1700 


t?  = 


IT  =  1320  =  ^^^^• 


In  a  very  interesting  work  by  the  Rev.  Professor  Francis  Bashfortli, 
foanded  on  experiments  made  with  the  Bashforth  chronograph,  there  will 
be  found  in  chapter  Y,  page  67,  a  description  of  the  general  tables 
apiiended  to  the  book  and  instrnctions  for  their  use.  The  professor 
reniarks  that  it  will  be  found  suflicient  for  many  practical  purposes  to 
ne^'lect  the  eflfect  of  gravity,  and  treat  the  motion  of  a  shot  as  if  its  path 
were  a  straight  line,  when  it  is  desired  to  find  the  loss  of  velocity,  or 
the  time  of  flight  for  a  limited  space,  the  initial  velocity  being  high; 
and  that,  therefore,  this  method  will  apply  better  to  pointed  elongated 
shot  than  to  spherical  shot,  and  better  to  solid  shot  than  to  shell  of  the 
Kame  external  form. 

A.S  pre>iou8ly  stated,  the  velocity  of  a  shot  is  determined  while  it  is 
4':icribing  a  given  short  range — ^the  space  in  feet  being  divided  by  the 
time  in  seconds,  to  get  a  result  which  is  adopted  as  the  approximate 
Telocity  at  the  middle  point.  Supi)ose  the  path  of  the  shot  to  be  a 
straight  line,  and  the  cubic  law*  of  the  resistance  of  the  air  sufficiently 
acenrate  for  all  cases  in  practice — ^then  the  method  of  determining  velo- 
citT  may  be  shown  to  be  correct  for  any  range.    Professor  Bashforth 

dedaces  for  the  redwyed  range  the  following  expression,  —  «,  and  applies 

w 

it  in  a  very  simple  table  for  the  convenience  of  the  practical  artillerist. 
In  this  expression 

d  =  diameter  of  a  spherical  projectile. 
IT  =  weight  in  lbs.  of  a  spherical  projectile. 
n  =  distance  from  muzzle  of  gun  where  the  remaining  velocity 
is  required. 
To  apply  this  to  the  case  of  a  W  Eodman  solid  shot  of  450  pounds, 
njoving  with  an  initial  velocity  of  1700',  at  a  target  1000  yards  distant, 
we  have 

d  =  14''.90 
K7  =  450  pounds. 
tfsSOOO' 

^  «  =  .4933  X  3000  =  1479.9 

*  Eqnatioi)  of  motion  for  the  cubic  law  of  resistance  is  -  ?.  =  ^  =  —  2  6  r».— (Bash- 
ft*fth*8  Motion  of  Projectiles,  page  67.) 
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Opposite  the  velocity  1700  in  tlie  table*  we  find  541,  and  adding  1479.9 
to  this,  we  have  2020.9,  opposite  which,  in  the  same  table,  we  find  1266, 
which  is  the  required  striking  velocity. 

Now  in  order  to  And  the  penetration  of  the  projectile,  at  any  ];>oint  of 
its  flight,  into  backed  armor  plates,!  the  following  formula  of  Captain 
Noble  will  be  found  verj-  simple  and  of  great  practical  value : 


In  which  t      h  =  penetration  in  inches. 

V  =  velocity  on  impact  in  feet. 
W  =  weight  of  shot  in  pounds. 
g  =  force  of  gravity. 
E  =  radius  of  shot  in  feet. 

K  =s  a  coefficent  depending  on  nature  of  wrought  iron  in 
plate,  and  nature  and  form  of  head  of  shot. 

Snpi>osing  the  target  to  be  haclcedj^  with  our  ogival  projectile,  and  tak- 
ing the  same  case  as  before,  we  have 

K  =  4821480 
4  ff  R      =4. 16262 
4  TT  R  ^  =  134. 036364 
W  =  186  pounds. 
V  =  1000  feet. 

Substituting  these  values  in  the  equation,  we  have 

^     6  =  1000    /l34.036364  x  4821480  =  6.44  inches. 

It  should  be  remarked  that  this  value  of  h  corresponds  to  a  "  work^ 
which  would  just  penetrate  a  hacked  armor  i)lat-e  when  a  projectile  of  186 
pounds  weight  has  a  velocity  on  impact  of  1000'.  For  example,  in  table 
No.  1  (see  foot-note)  we  see  that  a  projectile  of  180  pounds  weight  has, 
at  400  yards  (12000, 

A  total  energj^  of  2044  foot-tons ; 

Energy  i)er  inch  of  shot's  circumference,  82.6  foot- tons  j 

And  a  penetrative  power  of  7".69. 

This  means  simply  that  this  "  work  ^  on  impact  of  2044  foot-tons,  at  1200' 
from  the  muzzle,  is  jnnt  capable  of  piercing  an  unbacked  wrought-iroii 
armor  i)late  having  a  thickness  of  7".09. 

It  should  be  understood  that  by  penetratwn  is  meant  actual  perforation 
through  the  plate,  or  the  power  of  passing  through  the  jilate.  In  the 
case  of  i)enetration  into  iron  plates  the  term  mdent  has  been  used. 

Although  experiments  conducted  for  the  elucidation  of  this  subject 
have  been  extremely  linuted,  on  account  of  the  attendant  expense,  enough 

*  Table  No,  4,  appended,  taken  from  "Bawhforth'B  Motion  of  l*rojectile«." 
t  The  shot  is  Hui>]»oHed  to  be  of  the  beat  quality  of  steel  and  the  plate  of  the  best 
quality  of  wrought  iron. 
1 6  is  actually  the  thickness  of  the  plate  t»  feet,  and  the  penetration  in  inches  U 

I — ^v — 

obtained  by  multiplying  by  12  the  value  obtaine<l  of  r  yj  7 — j.     jr 

J  Table  No.  1  is  calculated  for  unhaclced  plates,  and  the  value  of  k  is  assumed  equal 
to  5357200,  which  Captain  Noble  takes  as  the  value  of  this  coefficient  in  the  case  of 
unbacked  armor  plates,  when  heminpherical-headed  projectiles  are  used.  The  mere  statt^- 
ment  of  this  fact  will  show  the  large  margin  of  reliability  upon  which  the  calculations 
are  basetl. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  53 

has  been  gathered  from  native  and  foreign  sourceB  to  warrant  the  fol- 
lowing practical  conclusions,  when  the  projectiles  are  fired  direct,  that  is 
to  say,  when  the  plane  in  which  the  shot  moves  is  perpendicular  to  the 
face  of  the  plates. 

*  First.  An  unbacked  wrought-iron  plate  will  be  perforated  with  equal 
facility  by  solid  steel  shot,  of  similar  form  of  head,  and  having  the  same 
diameter,  provided  they  have  the  same  vis-viva  on  impact ;  and  it  is 
immaterial  whether  this  vis- viva  be  the  result  of  a  heavy  shot  and  a  low 
velocity  or  a  light  shot  and  a  high  velocity,  within  the  usual  limits  of 
length,  &c.,t  which  occur  in  practice. 

Second.  An  unbacked  iron  plate  will  be  x)enetrated  by  solid  steel  shot 
of  the  same  form  of  head,  but  difTerent  diameters,  provided  their  strik- 
ing vis- viva  varies  as  the  diameter,  nearly,  that  is,  as  the  circumference 
of  the  shot. 

Third.  That  the  resistance  of  unbacked  wrought-iron  platen  to  abso- 
lute penetration  by  solid  steel  shot,  of  similar  form  and  equal  diameter, 
varies  as  the  square  of  their  thickness,  nearly,  f 

Fourth.  These  experiments  have  proved  that,  although  in  the  case  of 
cast  iron,  a  light  projectile  moving  with  a  high  velocity  will  indent  iron 
plates  to  a  greater  depth  than  a  heavier  projectile  with  a  low  velocity, 
but  equal "  work,"  it  is  not  as  necessary  that  there  should  be  a  high  velocity' 
when  the  projectiles  are  of  a  hard  material,  such  as  steel  and  chilled  iron, 
and  this  result  will  be  much  in  favor  of  rifled  guns,  by  enabling  them 
to  prove  eftective  with  comparatively  moderate  charges. 

It  is  almost  unnecessary  to  state  that,  for  any  given  thickness  of  plate, 
equation  8  may  be  used  to  find  the  velocity  corresponding  to  a  "  work  " 
which  would  just  penetrate  it. 

The  charge  of  powder  necessary  to  give  a  certain  number  of  foot-tons 
may  be  approximated  to  conveniently  by  using  the  practical  rule  for 
initial  velocity,  as  follows :  §  For  the  ordinary  purposes  of  practice,  where 
the  weights  of  the  powder  and  projectile  alone  vary,  initial  velocities  may 
be  considered  as  directly  proportional  to  the  square  root  of  the  weight  of 
powder  J  divided  by  the  square  root  of  the  weight  of  the  projectile;  or 


V^ 


.    .  .        

J  m  J  m^ 


EXAMPLE. 

The  United  States  9"  converted  rifle^  with  a  charge  of  40  pounds  Du 
Font's  hexagonal  powder  and  a  projectile  weighing  230  pounds,  gives  a 
muzzle  velocity  of  1395',  which  corresponds  to  a  work  of  6950089  foot- 
pounds, what  charge  of  powder  will  raise  the  "work"  to  7.000.000  foot- 
pounds? 

Taking  equation  (3)  B  =  -^^—  and  inserting  the  values  of  W,  g,  and  E, 

^g 

we  find  ^^^  ^  =  7.000.000  from  which  v  =  1400. 
64.4 

*  Beport  on  Penetration  of  Iron  Armor  Plates.    Capt.  W.  H.  Noble,  R.  A. 

f  2.25  diameteni  is  about  limit  of  length. 

t  When  plates  are  of  the  beet  quality. 

j^  Benton's  Ordnance  and  Gnnnery,  page  387. 
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The  weight  of  the  projectiles  being  the  same  (230  pounds)  in  this  case, 
the  proportion 


V» 


.    .    a/Z  .    V_^ 


V 


m 


^m> 


becomes 


from  which 


7T  =  I^ 


(9) 


Substituting  the  values  of  V  (1395),  V  (1400),  and  p^  (40), 

/7  =  W^ 


1395 
i>  =  40.29 


=  6.3477 


It  is  understood,  of  course,  that  the  above  method  is  only  marginally 
correct,  and  gives  the  artillerist  an  idea  of  ahout  what  charge  of  powder 
to  use  in  " feeling"  for  velocity  or  range. 


Table  No.  1. — Shmoing  ih^  energy  and  penetrative  power  in  unbacked  armor  plates  of  the 
United  States  8"  rifle  converted  from  a  10"  Bodman  smooth-bore  gun — W.  =  ItiO  pounds. 


Enerey  per  Inch 
of  Hfaot'a  ciroom- 

Penotration    in    xax- 

Velocity. 

Total  energy. 

backed  armor 

ferenoe. 

plates. 

Range. 

*«=        ^^ 

Wv* 

Wr« 

b-vAJ      W 
^  4wHgK 

l  +  cVx 

29 

2^2ir  R 

Yards. 

Feet. 

Foot-tons. 

Foot-t4ms. 

Inches, 

0 

1300 

2308 

92.4 

8.17 

200 

1310 

2171 

86.9 

7.92 

400 

1280 

2044 

82.6 

7.69 

000 

1243 

1928 

77.8 

7.47 

800 

1200 

1824 

73.0 

7.26 

lOOOt 

1176 

1726 

69.1 

7.07 

1200 

1145 

1636 

65.5 

6.8» 

1400 

1115 

1561 

62.1 

6.70 

1600 

1087 

1474 

59.0 

6.53 

1800 

10<{1 

1405 

66.3 

6.37 

2000t 

1036 

1339 

53.6 

6.22 

2200 

1011 

1275 

51.0 

6.07 

2400 

988 

1218 

48.8 

5.94 

2600 

966 

1164 

46.6 

5.80 

2800 

945 

1114 

44.6 

5.68 

8000 

925 

1068 

42.8 

5.56 

3200 

006 

1024 

41.0 

5.44 

3400 

887 

982 

39.3 

5.33 

3fi00 

869 

942 

37.7 

5.22 

3800 

852 

906 

36.3 

6.12 

4000 

836 

872 

34.9 

5.02 

*  Page  69,  Baahforth.  _Spao.ejn_feet  _^  s^  _^ _  _1_-  =  ^i  =  —  X-.— 

^       '  Time  in  seconds       t      _1  ^    i  i..  l-f-V6» 

V  +  6«»,      V^*** 

t  Lieut  Col.  J.  G.  Benton,  Fnited  States  Ordnance  Corps,  comparing  Didlon's  formula  with  the  aboTe, 
arrives  at  tho  following  results : 

Initial  velocity 1360,  Noble;  1360,      Ordnance  and  Gunnery. 

1,000  vanls 1176,  Noble ;  1175  -f-,  Ordnance  and  Gunnery. 

2,000yards 1036,  Noble;  1039,      Ordnance  and  Gunnery. 
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'Table  Xo.  2,'-Gnnng  the  force  of  impact,  in  foot-tons,  of  a  lb"  smooth-bore  gun — weight 

of  shot  450  lbs. 


>.i. 


mm  S 


Impact. 


r 


•:«) 

14M^ 

«23j 

7IU) 

?S7^ 
]»•) 

U40? 

7l«) 

•**); 

-T> 
ISM) 

!«•» 


S351 
6135 
6330 


OGOl 
•778 
fl8>5 


7M0 
7128 
7217 
7306 
7395 
7iS5 
7578 
7667 
77«) 
7852 
7M5 
f0» 
6132 
8227 
8322 
8417 


5018 
5095 
0072 
6150 
8228 
6306 
6385 
6465 
6545 
6624 
6704 
6786 
6867 
6M9 
7032 
7114 
7196 
7281 
7364 
7440 
7533 
7619 
7704 
7791 
7876 


s 

ea 


5597 
5667 
5738 
5810 
5880 
5954 
6029 
6099 
6171 
6245 
6319 
6383 
6468 
6541 
0617 
0692 
6768 
6845 
6921 
6996 
7075 
7152 


1 


5303 
5366 
5132 
5497 
5664 
5630 
5697 
5764 
5830 
5897 
5065 
6032 
6101 
6170 
6239 
6308 
6376 
6446 
6516 
6587 
0655 
8727 


I 


7230  6799 


7309 

7387 

I 


6870 
6942 


5030 
5088 
5140 
5210 
5271 
5332 
5393 
5455 
5516 
5578 
5640 
5703 
5765 
I  5828 
5891 
5955 
6018 
8082 
6146 
6210 
6275 
6340 
6404 
6470 
6534 


1 


s 


4778 
4831 
4887 
4944 
5001 
5057 
5114 
5171 
5227 
5283 
5341 


4544 
4593 
4645 
4608 
4751 
4802 
4855 
4908 
4960 
5012 
5066 


5399  5118 


5457 
5514 
6572 
5630 
5680 
5748 
5806 
5865 
5925 

6044 
6103 
6163 


5172 
5225 
5279 
5333 
5386 
5440 
5494 
5548 
5603 
5658 
5713 
5767 
5822 


k> 


4327 
4373 
4421 
4469 
4519 
4567 
4616 
4665 
4712 
4781 
4811 
4860 
4900 
4958 
5007 
5057 
5106 
5156 
6207 
5257 
5307 
5358 
5408 
5471 
5508 


4125 
4168 
4213 
4258 
4304 
4348 
4393 
4439 
4483 
4528 
4574 
4619 
4667 
4711 
4767 
4804 
4849 
4896 
4941 
4988 
6034 
6080 
6127 
5174 
5220 


3938 
3977 
4018 
4060 
4104 
4145 
4187 
4229 
4270 
4310 
4355 
4397 
4440 
4482 
4524 
4567 
4609 
4853 
4695 
4738 
4781 
4824 
4868 
4910 
4053 


§    1 


S 


3762  I  3598 


3798 
3837 


3632 
3668 


3877  3705 

3915  I  3743 

3955  3779 

3995  I  3815 

4035  3852 

4073  3888 


4112 


3924 


4151  ,  3981 
4190  3998 
4230  I  4044 
4209  4071 
4308  4108 
4348  '  4145 

I 

4387  4182 


4428 
4467 
4507 
4547 
4587 
4627 
4667 
4707 


I 


4219 
4255 
4292 
4320 
4387 
4404 
4441 
4478 


t 

8 

CO 


3445 
3478 
3510 
3545 
3580 
3613 
3648 
3882 
3716 
3738 
3784 
3818 
3863 
3888 
3921 
3955 
3990 
4024 
4059 
4093 
4127 
4182 
4197 
4231 
4268 


1 


3301 
3330 
3362 
3304 
3428 
3458 
3481 
3524 
3554 
3588 
3619 
3650 
3683 
3714 
3746 
3779 
3810 
3843 
3875 
3907 
3930 
3971 
4004 
4038 
4068 


oi 


3168 
3193 
3223 
3253 
3285 
3314 
3344 
3375 
3404 
3433 
3463 
3413 
3523 
3553 
3583 
3814 
3843 
3673 
370S 
3734 
3763 
3794 
3824 
3854 
3883 


*  Taken  from  the  United  States  Naval  Ordnance  Papers,  No.  2. 
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Tabus  No.  3. — Showing  energy  and  penetrative  pouter  in  uhbadked  armor  plates  of  the 

UniU^  States  lb"  smooth-bore  gun — W.  ss  450  pounds. 


DiDION. 

Bashfobth. 

Wti« 

KOBLX. 

Distance  from 

Velocitiea. 

mueide. 

^9 

V 

^M 

•  =  u 

—  t 
10 

Yards. 

Feet. 

Feet. 

Foot-tons. 

Inehea. 

0 

1700 

1700 

9015 

11.796 

200 

1606 

1600 

7d86 

11.102 

400 

1518 

1507 

7084 

10.457 

600 

1439 

1420 

6290 

9.853 

800 

1364 

1340 

6601 

9.298 

1000 

1295 

1266 

5000 

8.785 

1200 

1231 

1197 

4470 

8.306 

1400 

1173 

1136 

4026 

7.883 

1600 

1117 

1081 

3645 

7.500 

1800 

1066 

1032 

3322 

7.161 

2000 

1017 

989 

3051 

6.862 

2200 

974 

950 

2815 

6.592 

2400 

930 

915 

2612 

6.349 

2600 

891 

882 

2427 

6.120 

2800 

853 

851 

2259 

5.905 

3000 

817 

822 

2108 

5.704 

3200 

784 

796 

1977 

6.523 

3400 

752 

771 

1854 

5.350 

3600 

723 

747 

1741 

5.183 

3800 

694 

726 

1640 

6.031 

4000 

668 

704 

1547 

4.885 

Table  No.  4. — A  general  table  of  values  of  -^  sfor  spherical  shot. 


tv. 

0. 

1. 

9. 

3. 

4. 

ft. 

6. 

y. 

8. 

•. 

F.8. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet 

Feet. 

Feet 

Feet. 

Feet. 

50 

10649 

0620 

0502 

0568 

0635 

0606 

0478 

0460 

0422 

0394 

51 

10366 

0338 

0310 

0283 

0255 

0228 

0201 

0174 

0147 

0120 

62 

10093 

0066 

0040 

0013 

9987 

9961 

9935 

9909 

9883 

9857 

53 

9831 

9805 

9779 

9754 

9729 

9703 

9678 

9653 

9628 

9603 

54 

9578 

9553 

9629 

9504 

9480 

9455 

943] 

9407 

9383 

9359 

55 

9335 

9311 

9287 

9263 

9240 

9216 

9193 

9169 

9146 

9123 

66 

9100 

9077 

9064 

9031 

9008 

8986 

8963 

8941 

8918 

8896 

57 

8873 

8851 

8829 

8807 

8785 

8763 

8741 

8719 

8698 

8676 

58 

8655 

8633 

8612 

8591 

8569 

8648 

8527 

8506 

8485 

8404 

69 

8443 

8423 

8402 

8381 

8361 

8340 

8320 

8300 

8279 

8259 

60 

8239 

8219 

8199 

8179 

8159 

8139 

8120 

8100 

8081 

8061 

61 

8041 

8022 

8003 

7983 

7964 

7945 

7926 

7907 

7888 

7869 

62 

7850 

7832 

7813 

7794 

7776 

7767 

7739 

7720 

7702 

7683 

63 

7665 

7647 

7629 

7611 

7593 

7575 

7557 

7539 

7521 

7504 

64 

7486 

7468 

7451 

7488 

7416 

7398 

7381 

7364 

7346 

7329 

65 

7312 

7295 

7278 

7261 

7244 

7227 

7210 

7194 

7177 

7160 

66 

7144 

7127 

7110 

7094 

7078 

7061 

7045 

7029 

7012 

6996 

67 

6980 

6964 

6948 

6932 

6916 

6900 

6H84 

6868 

6853 

6837 

68 

6821 

6806 

6790 

6775 

6759 

0744 

6728 

6713 

6698 

6682 

69 

6667 

6652 

6637 

6622 

6607 

6592 

6577 

6562 

6547 

6532 

70 

6517 

6503 

6488 

6473 

6459 

6444 

6430 

6415 

6401 

6386 

71 

6372 

6358 

6343 

6329 

6315 

6301 

6287 

6273 

6259 

6245 

72 

6231 

6217 

6203 

6189 

6176 

6161 

6148 

6134 

6120 

6107 

73 

6093 

6079 

6066 

6052 

6039 

6026 

6012 

5099 

5086 

5072 

74 

5959 

5946 

5933 

5920 

5907 

5894 

6881 

6868 

5855 

6842 

75 

5829 

5816 

5803 

5790 

6778 

5765 

5752 

5740 

5727 

5714 

76 

5702 

5689 

5677 

5665 

5652 

5640 

5627 

6615 

5603 

6591 

77 

5578 

5566 

5554 

6542 

5530 

5518 

5506 

6494 

5482 

6470 

78 

5458 

5446 

5434 

6423 

6411 

6399 

5387 

6376 

6364 

5352 

79 

5341 

5329 

5318 

5306 

5295 

5283 

5272 

5260 

6249 

5238 

80 

5226 

5216 

5204 

5193 

6181 

5170 

6159 

5148 

6137 

5126 

81 

5115 

5104 

5093 

5082 

5071 

5060 

5049 

5038 

6027 

5017 

82 

5006 

4995 

4984 

4974 

4963 

4952 

4942 

4931 

4021 

4910 

83 

4900 

4889 

4879 

4868 

4858 

4847 

4837 

4827 

4817 

4806 

84 

4796 

4786 

4776 

4765 

4755 

4745 

4735 

4725 

4715 

4705 

85 

4695 

4685 

4675 

4665 

4655 

4645 

4635 

4625 

4615 

4605 

86 

4596 

4586 

4576 

4566 

4557 

4547 

4537 

4528 

4518 

4509 

87 

4499 

4490 

4480 

4471 

4461 

4452 

4442 

4433 

4423 

4414 

*  Taken  from  "Baahford'a  Motion  of  Projectiles." 


t  V  =  velocity ;  F.  8.  =  feet  a  second. 
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No.  4. — Continued. 


^.    1. 


1. 


'•«■    Fhl\   TteL 
%'  4405  I   4396 

Oft        mm  .^^o, 


90 
91 


113 
114 
115 
116 
117 


138 
137 
138 
138 
140 
141 


142 
143 
144 
145 


4312 
4222 
4134 

92  I  4047 

nl  3983 

94 

96 

98 

97 


3799 

3m 

36(3 

«,  35«8 

»l  3495 

loo  I  3423 

101'  3353 

102  3285 

108  3218 

104  3154 

lOo  3091 

IWI  3029 

1(17  I  2970 

I*,  2812 

}»|  2855 

}W,  2800 

jW   2093 


2641 
2S91 
2541 
2492 
2444, 
118  1    S? 

120,  §S 
121  I   2260 

s'  ^ 

123  2172 

124  1  2l3 

^1  a(H5 

ml   2003 

128  ]j>Q2 

129  I  1921 
1»  1881 
Bl      1841 

JS  1802 
133     1783 

U*     1724 


1648 
1611 
1574 
1537 
1501 
U65 
1428 

1394 
13S0 

^«l    1^ 

IS  P 

S     1156 
Ite     1^ 

155|   '^ 
iS'     ^ 


438e 

4294 

4204 

4116 

403O 

3046 

8804 

3784 

3705 

3628 

3553 

3480 

3409 

3339 

3271 

3205 

3141 

3078 

3017 

2958 

2900 

2844 

2789 

2735 

2683 

2631 

2581 

2531 

2488 

2435 

2388 

2342 

2296 

2252 

2207 

2164 

2121 

2078 

2036 

1995 

1954 

1913 

1873 

1833 

1794 

1756 

1718 

1678 

1641 

1603 

1567 

1530 

1494 

1458 

1422 

1387 

1352 

1318 

1283 

1249 

1215 

1182 

1140 

1116 

1083 

1051 

1018 
987 
955 
024 
892 
861 
831 
800 
770 
740 
710 
680 
O&l 
022 


4XOT 


3i3S 


3«^*« 


2730 


257^ 


2430 


2S503 


i7»o 

ao7& 


aeoo 

i&03 


4367 

4276 

4186 

4099 

4013 

3030 

3848 

3766 

3680 

3613 

3539 

3466 

3395 

3325 

3258 

3192 

3128 

3066 

3O05 

2946 

2^80 

2S33 

2778 

2725 

2672 

2621 

2571 

2522 

2478 

3426 

2379 

2338 

22<»7 

2243 

21S»0 

2155 
2112 

20^0 
2028 
1»«6 
1046 

1006 

1S65 

1H26 

1786 

1747 

1709 

1671 

1633 

1596 

1559 

1523 

1487 

1461 

1415 

1380 

1345 

1311 

1276 

1242 

1209 

1175 

1142 

1109 

1077 

1044 

1012 

980 

949 

917 

886 

855 

825 

794 

764 

734 

704 

674 

645 

616 

587 


Feet 

4358 

4267 

4177 

4090 

4005 

3921 

3840 

3760 

3682 

3606 

3531 

8458 

3388 

3310 

3251 

3186 

3122 

3060 

2999 

2941 

2883 

2827 

2773 

2719 

2667 

2616 

2566 

2517 

2468 

2421 

2374 

2328 

2283 

2238 

2194 

2151 

2108 

2066 

2024 

1982 

1941 

1901 

1861 

1821 

1782 

1743 

1705 

1667 

1630 

1592 

1556 

1519 

1483 

1447 

1412 

1377 

1342 

1307 

1278 

1239 

1205 

1172 

1139 

1106 

1073 

1041 

1009 

977 

945 

914 

883 

852 

822 

791 

761 

731 

701 

672 

642 

613 

684 


Feet. 

4349 

4258 

4169 

4081 

3996 

3913 

3832 

3752 

3674 

8598 

3524 

3451 

3381 

3312 

3245 

3179 

3116 

3054 

2993 

2935 

2878 

2822 

2767 

2714 

2662 

2611 

2561 

2512 

2464 

2416 

2360 

2328 

2278 

2234 

2190 

2146 

2104 

2061 

2020 

1978 

1937 

1897 

1857 

1817 

1778 

1739 

1701 

1668 

1626 

1589 

1552 

1516 

1479 

1444 

1408 

1373 

1338 

1304 

1270 

1236 

1202 

1160 

1135 

1103 

1070 

1038 

1006 

974 

942 

911 

880 

849 

818 

788 

758 

728 

698 


639 
610 
561 


FuL 

4340 

4249 

4160 

4073 

3988 

3905 

3823 

3744 

3666 

3591 

3516 

8444 

3374 

3305 

3238 

3173 

3109 

3048 

2987 

2929 

2872 

2816 

2762 

2709 

2657 

2606 

2556 

2507 

2450 

2411 

2365 

2319 

2274 

2229 

2185 

2142 

2099 

2057 

2015 

1974 

1933 

1893 

1853 

1813 

1774 

1736 

1607 

1660 

1622 

1585 

1548 

1512 

1476 

1440 

1405 

1370 

1335 

1300 

1266 

1232 

1199 

1165 

1132 

1009 

1067 

1034 

1002 

971 

939 

908 

877 

846 

815 

785 

755 

725 

605 

666 

636 

607 

578 


Feet 

4331 

4240 

4151 

4064 

3980 

3897 

3815 

3736 

3659 

3583 

3509 

3437 

3367 

3298 

3231 

3166 

1303 

3041 

2982 

2923 

2866 

2811 

2757 

2704 

2652 

2601 

2551 

2502 

2454 

2407 

2360 

2314 

2209 

2225 

2181 

2138 

2005 

2053 

2011 

1^70 

1929 

1889 

1S49 

1809 

1770 

1732 

1694 

1656 

1618 

1581 

1546 

1508 

1472 

1437 

1401 

1366 

1331 

1297 

1268 

1229 

1196 

1162 

1129 

1096 

1064 

1031 

QUO 
wv 

968 

936 

905 

874 

843 

812 

782 

752 

722 

602 

663 

633 

604 

575 


Feek 

4321 

4231 

4142 

4056 

3971 

3888 

3807 

3728 

3651 

3576 

3502 

3430 

3360 

3291 

3225 

3160 

3097 

3036, 

2976 

2918 

2861 

2805 

2751 

2698 

2646 

2596 

2547 

2497 

2449 

2402 

2856 

2310 

2266 

2220 

2177 

2134 

2091 

2040 

2007 

1966 

1926 

1886 

1846 

1806 

1760 

1728 

1690 

1652 

1615 

1578 

1541 

1505 

1460 

1433 

1398 

1363 

1328 

1298 

1250 

1225 

1102 

1159 

1126 

1093 

1060 

1028 

996 

964 

938 

902 

871 

840 

800 

770 

740 

719 

689 

660 

630 

601 

672 
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Table  No.  4. — Continned. 


V. 

0. 

1. 

3. 

3. 

4. 

ff. 

6. 

y. 

8. 

9. 

F.8. 

FuU 

Feet 

Feet, 

Feet 

Feet 

Feet. 

Feet 

Fett. 

Fett. 

Feet 

169 

609 

567 

564 

561 

558 

555 

652 

549 

546 

544 

170 

641 

538 

535 

532 

529 

626 

624 

521 

518 

515 

171 

612 

509 

506 

504 

601 

498 

495 

492 

489 

487 

172 

484 

481 

478 

475 

472 

470 

467 

464 

461 

458 

173 

456 

453 

450 

447 

444 

442 

439 

436 

433 

430 

174 

428 

425 

422 

419 

416 

414 

411 

408 

405 

402 

175 

400 

397 

394 

891 

889 

886 

383 

380 

877 

375 

176 

372 

369 

366 

364 

361 

358 

356 

353 

350 

347 

177 

344 

342 

839 

336 

333 

331 

328 

325 

322 

320 

178 

317 

314 

311 

309 

306 

303 

801 

298 

295 

292 

179 

290 

287 

284 

282 

279 

276 

273 

271 

268 

265 

180 

263 

260 

257 

255 

•  252 

249 

246 

244 

241 

238 

181 

286 

233 

230 

228 

225 

222 

220 

217 

214 

212 

182 

209 

206 

204 

201 

198 

196 

193 

100 

188 

185 

183 

182 

180 

177 

174 

172 

169 

166 

164 

161 

158 

184 

156 

153 

150 

148 

145 

143 

140 

137 

135 

132 

185 

129 

127 

124 

122 

119 

116 

114 

111 

•  108 

106 

186 

103 

101 

98 

95 

93 

90 

88 

85 

82 

80 

187 

77 

75 

72 

09 

67 

64 

62 

59 

57 

54 

188 

61 

49 

46 

44 

41 

39 

36 

88 

81 

28 

189 

26 

23 

21 

18 

15 

13 

10 

7 

5 

8 

*  Table  No.  5. — A  general  table  of  values  of  —  s  for.  ogival-headed  shot 


tv. 

0. 

1. 

3. 

3. 

4. 

a. 

6. 

y. 

8. 

F.8. 
50 
51 
62 

Feet 
19604.0 
18904.6 
18400.2 

Feet 
19542.0 
18935.1 
1835L9 

Feet 

19480.2 
18875.8 
18294.9 

Feet 
19418. 6 
18816.7 
18238. 0 

Feet 
193.W.2 
18757.8 
18181.3 

Feet 
19296.1 
18099.1 
18124.8 

Feet 
1923.5.2 
18640.7 
18068.5 

Feet 
19174. 6 
18582.6 
18012.5 

Feet. 
19114.3 
18524.6 
17956.7 

63 
64 
55 

17845.7 
17303.2 
16780.2 

17790.6 
17250. 1 
16729.1 

17735.6 
17197.2 
16678.1 

17680.8 
17144.4 
16627.2 

17626.2 
17091.8 
16576.5 

17571.9 
17039.4 
16526.0 

17517.8 
16987.1 
16475.7 

17463.9 
16935.0 
16425.6 

17410. 1 
16883.1 
16375.6 

66 
67 
58 

16276.2 
15789.8 
15320.1 

16226.9 
15742. 1 
15274.0 

16177.7 
15694.6 
15228.1 

16128.6 
15647.2 
15182.3 

16079.6 
15600.0 
15136.7 

16030.8 
15552.9 
16091.2 

15982.2 
15506.0 
15045.9 

15938.8 
15450.3 
15000.7 

16885.6 
15412.7 
14055. 7 

59 
60 
61 

14866.2 
14427.7 
14003.3 

1482L7 
14384.8 
13961.7 

14777.3 
1434L9 
13920.2 

14733. 1 
14299.1 
13878.9 

14689.0 
14256.4 
13837.6 

14645. 1 
14213. 8 
13796.4 

14601.3 
14171.3 
13755.3 

14557.7 
14129.0 
13714.4 

14514. 2 
14086.9 
13673. 7 

62 
63 
64 

13502.8 
13195.2 
12810.2 

13552.4 
13156. 1 
12772.3 

13512.2 
13117.3 
12734.6 

13472. 1 
13078. 5 
12607.0 

13432.2 
13039.8 
12695.5 

13392.4 
13001.2 
12622.1 

13352.7 
12062.8 
12584.8 

13313.1 
12924.5 
12547.6 

13273.7 
12886.3 
12510.6 

66 
66 
67 

12436.9 
12074.9 
11723.7 

12400.2 
12039.3 
11689.1 

12363.7 
12003.9 
11654.7 

12327.2 
11968.5 
11620.4 

12290.8 
11933.2 
11586.2 

12254.6 
11898.0 
11552. 1 

12218.3 

11863. 0 

11518. 1 

12182.3 
11828. 1 
11484.2 

12146.4 
11793.2 
11450.4 

68 
69 

70 

11383.0 
11052.0 
10730.5 

11349.4 
11019.4 
10698.9 

11316.0 
10987.0 
10667.4 

11282.7 
10954.6 
10635.9 

11249.5 
10922.3 
10604.6 

11216.3 

10890. 1 

10573. 2 

llia3.3 
10857.9 
10542.0 

11150.4 
10825.9 
10510.0 

11117.5 
10794.0 
10479.9 

71 
72 
73 

10418.0 

10114.3 

9818.9 

10387.2 

10084.4 

9789.8 

10356.5 

100.'>4.6 

9760.8 

10326.0 

10024.9 

9731.9 

10295.5 
9995. 2 
9703.0 

10265.1 
9965.6 
9674.2 

10234.8 
9996.1 
9645.6 

10204.6 
9906.7 
9616.9 

10174.4 
9877.4 
9588.8 

74 
75 
76 

953L4 
9251.6 
8979.2 

9503.1 
0224.1 
8952.4 

9474.9 
9196.6 
8925.7 

0446.7 
9169.2 
8899.0 

9418.6 
9141.8 
8872.3 

9390.6 
9114.5 
8845.7 

9362.6 
9087.3 
8819.2 

9334.7 
9060.2 
8792.8 

9306.9 
9033.1 
8766.4 

77 
78 
79 

8713.9 
8455.3 
8203.3 

8687.7 
8429.8 
8178. 5 

8661.6 
8404.4 
8153.7 

8635.6 
8379.0 
8129.0 

8609.7 
8353.7 
8104.3 

8583.8 
8328.5 
8079.7 

a558.0 
8303.3 
8055.2 

a'>32.3 
8278.2 
8030.8 

8506.0 
8253,2 
8006.4 

80 
81 
82 

7957. 7 
7718.0 
7484.2 

7933.5 
7694.4 
746L1 

7909.3 
7670.8 
7438.1 

7885.2 
7647.3 
7415.1 

7861.1 
7623.8 
7392.2 

7837.1 
7600.4 
7369.4 

7813.2 
7577.0 
7346.6 

7789.3 
7553.7 
7323.9 

7765.5 
7530.6 
7301.2 

83 
84 
85 

7256.0 
7033.4 
6815.8 

7233.5 
7011.4 
6704.4 

7211. 1 
6989.5 
6773.0 

7188.7 
6967.6 
6861.6 

7166.3 
6945.8 
6730.3 

7144.0 
6024.0 
6709.0 

7121.8 
6902.2 
6687.8 

7099.6 
6880.5 
6666.6 

7077.5 
6858.9 
6645.5 

9. 


Feet 

19054.3 
18466.8 

17901. 1 

17356. 5 
16831.5 
16325.8 

15837.6 
15366.3 
14910.0 

14470. 8 
14045.0 
13633.  S 

13234.4 

12848. 2 
12473.7 

12110. 6 
11758.4 
11416.7 

11084.7 
10762.2 
10448.9 

10144.3 
9848.1 
0559.8 

9279.2 
9006.1 
8740.i 

8480.9 
8228. 2 
7982.0 

7741. 7 
7507.3 
7278.6 

7055.4 
6837.3 
6624.5 


*  Taken  ftom  * '  Bashforth's  Motion  of  Projectiles. "       t  V = velocity ;  F.  S.  =  feet  a  second. 
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Tablx  No.  5 — Continued. 


V. 

1 

1. 

9. 

3. 

4. 

ft. 

6. 

y. 

8. 

9. 

JF.A 
» 
97 

88 

Feet, 
6803.5 
639S.9 
6190.1 

Feet 
6582.5 
6375.4 
6173.1 

Feet. 
6561.6 
6355.0 
6153.1 

Feet. 
6540.7 
6334.6 
6133.2 

Feet 
6519.9 
6314.2 
6113.3 

Feet. 
6499.1 
6293.9 
6093.4 

Feet 

6478.4 
6273.7 
6073.6 

Feet 
6457.7 
6253.5 
6063.8 

Feet 
6437.1 
6233.3 
6034.1 

Feet 

6416.6 
6213.2 
6014.4 

80 
SO 
91 

9094.8 

S800.8 
S61L8 

5975.2 
5781.6 
5503.2 

5955.7 
5762.5 
5674.7 

5936.2 
5743.5 
6556.2 

5916.7 
5724.5 
5537.7 

5697.3 
5705.6 
5519.3 

6877.9 
6686.7 
6600.9 

5658.6 
5667.9 
6482.6 

6939.3 
5649.2 
6464.4 

6820.0 
6630.6 
5446.2 

92 

5428.1 
5249.9 
5077.3 

5410.0 
5232.4 
5060.4 

5392.0 
5215.0 
5043.5 

5374.1 
5197.6 
6026w6 

6356.2 
5180.2 
5009.8 

5338.3 
5162.9 
4993.0 

6320.5 
5145.7 
4970.3 

5302.8 
6128.5 
4959.6 

6286.1 
511L4 
4943.0 

6267.6 
5094.3 
4926.6 

95 
96 
97 

4910.0 
4748.5 
4592.8 

4893.6 

4732,7 
4577.6 

4877.3 
4716.9 
4562.4 

4861.0 
4701.2 
4647.3 

4844.7 
4685.5 
4532.2 

4828.5 
4669.9 
4517.2 

4812.4 
4654.4 
4502.3 

4796.3 
4638.9 
4487.4 

4780.8 
4623.5 
4472.6 

4764.4 
4608.1 
4457.8 

98 

99 

100 

4443.1 
4299.5 
4162.4 

4428.5 
4285.4 
4149. 1 

4413.9 
4271.4 
4135.9 

4399.4 
4257.5 
4122.8 

4384.9 
4243.7 
4109.7 

4370.5 
4230.0 
4096.7 

4356.2 
4216.4 
4083.8 

4342.0 
4202.8 
4070.9 

4327.8 
4189.3 
4058.1 

4313.6 
4176.8 
4046.3 

101 
102 
103 

4032.6 
3909.5 
3796i0 

4020.0 
3807.7 
3784.0 

4007.5 
3886.0 
3'/73.0 

3995.0 
3874.3 
3762.1 

3982.5 
3862.7 
3761.2 

3970.1 
3851.2 
3740.4 

3957.8 
3839.8 
3729.6 

3945.6 
3828.6 
3718.9 

3933.5 
3817.8 
3708.3 

3921.4 
3806.1 
3697.7 

104 
105 
106 

3687.2 
3585.8 
3491.4 

3676.8 
3576.1 
3482.3 

3666.4 
3566.5 
8473.2 

3666.1 
3556.9 
3464.2 

3645.8 
3547.3 
3455.2 

3635.6 
3587.8 
3446.3 

3625.5 
3528.4 
3437.5 

8615.5 
8519.1 
3428.7 

3605.5 
3509.8 
3419.9 

3505.6 
3.500.6 
3411.1 

107 
108 
109 

3402.4 
3317.7 
3236.3 

3399.8 
3309.5 
3228.4 

3385.2 
3301.3 
3220.4 

3376.7 
8293.1 
3212.5 

3368.1 
8284.9 
3204.5 

8359.6 
3276.7 
8196.6 

3351.2 
3268.6 
3188.7 

8342.8 
3260.6 
8180.9 

3334.4 
8252.4 
3173. 1 

3326.0 
3244.3 
3165.3 

110 
Ul 
112 

3157.5 
3080.3 
3005.1 

3149. 7 
3072.8 
2997.7 

3141.9 
3065.2 
2990.3 

3134.2 
3057.6 
2982.9 

3126.5 
3050.1 
2975.5 

3118.7 
3042.5 
2968.1 

3111.0 
3035.0 
2960.8 

3103.3 
3027.6 
2958.4 

8006.6 
3020.0 
2946.1 

3087.0 
3012.6 
2938.7 

113 
114 
115 

2931.4 

2850.4 
278R.8 

2924.1 
2852.3 
2781.8 

2916.8 
2845.2 
2774.9 

2909.6 
2838.1 
2767.9 

2902.4 
2831.0 
2781.0 

2895.2 
2823.9 
2754.0 

2888.1 
2816.9 
2747.1 

2880.9 
2809.8 
2740.2 

2873.7 

,2802.8 

2733.3 

2866.6 
2795.8 
2726.5 

116 
U7 
11A 

2719.6 
2651.7 
2585.2 

2712.8 
2645.0 
257^6 

2705.9 
2638.3 
2572.1 

2699.1 
2631.6 
2565.5 

2692.3 
2625.0 
2558.9 

2686.5 
2618.3 
2552.4 

2678.7 
2611.6 
2545.8 

2672.0 
2605.0 
2539.3 

2666.2 
2598.4 
2532.8 

2668.5 
2.591.8 
2526.3 

U9 

lao 

121 

2519.8 
2455.5 
2392.2 

2513.4 
2440.1 
2386.0 

2506.9 
2442.8 
2379.7 

2500.4 
2436.4 
2373.5 

2494.0 
2430.1 
2367.3 

2487.6 
2423.8 
2361.0 

2481.1 
2417.4 
2354.8 

2474.7 
2411.1 
2348.6 

2468.3 
2404.8 
2342.4 

2461.9 
2398.5 
2336.2 

122 
123 
124 

2330.0 
2288.8 
2208.6 

2323.9 

2262.7 
2202.6 

2317.7 
2256.7 
2196.7 

2311.6 
2250.7 
2190.7 

2305.5 
2244.6 
2184.8 

2299.8 
2238.6 
2178. 8 

2293.2 
2232.6 
2172.9 

2287.1 
2226.6 
2166.9 

2281.0 
2220.6 
2161.0 

2274.9 
2214.6 
2155.1 

125 
126 
127 

2149.2 
2090.8 
20»3.2 

2143.3 
2085.0 
2027.5 

2137.5 
2079.2 
2021.8 

2131. 6 
2073.4 
2016.1 

2125.8 
2067.6 
2010.5 

2119.9 
2061.9 
2004.8 

2114.1 
2056.1 
1099.1 

2108.2 
2050.4 
1903.6 

2102.4 
2044.7 
1967.8 

2096.6 
2038.9 
1982.2 

128 
129 
130 

1976.5 
1920.5 
1865.3 

1970.8 
1915.0 
1859.8 

1965.2 
1909.4 
1854.4 

1959.6 
1903.9 
1848.9 

1954.0 
1898.4 
1843.5 

1948.4 
1892.8 
1838.0 

1942.8 
1887.3 
1832.6 

1937.2 
1881.8 
1827.2 

1981.7 
1876.3 
1821.7 

1926.1 
1870.8 
1816. 3 

131 
132 
133 

1810.9 
1757.0 
1703.9 

1805.5 
1751.7 
1098.6 

1800.1 
1746.3 
1003.4 

1794.7 
1741. 0 
1688.1 

1789.8 
1735.7 
1682.9 

1783.9 
1730.4 
1677.6 

1778.6 
1725.1 
1672.4 

1773.1 
1719.8 
1667.1 

1767.8 
1714. 5 
1661.9 

1762.4 
1709.2 
1666.7 

134 
135 
136 

1651.4 
1599.5 
1548.2 

1646.2 
1504.4 
1543.1 

1641.0 
1589.2 
1538.0 

1635.8 
1584.1 
1533.0 

1630.6 
1578.9 
1527.9 

1625.4 
1573.8 
1522.8 

1620.2 
1568.7 
1517.8 

1615.0 
1663.6 
1512.7 

1609.9 
1658.4 
1507.7 

1604.7 
1553.3 
1502.6 

137 
138 
139 

1497.6 
1447.3 
1307.7 

1492.5 
1442.3 
1392.7 

1487.5 
1437.3 
1387.8 

1482.5 
1432.4 
1382.9 

1477.4 
1427.4 
1377.9 

1472.4 
1422.4 
1373.0 

1467.4 
1417.5 
1368.1 

1462.8 
1412.5 
1868.1 

1467.3 
1407.6 
1858.2 

1452.3 
1402.6 
1353.3 

140 
141 
142 

1348.4 
1299.5 
1251.1 

1343.5 
1294.7 
1246.3 

1338.6 
1289.8 
124L5 

1333.7 
1284.9 
1236.6 

1328.8 
1280.1 
1231.8 

1323.9 
1275.2 
1277.0 

1319.0 
1270.4 
1222.2 

1314.1 
1265.6 
1217.4 

1309.3 
1260.8 
1212.0 

1804.4 
1255.9 
1207.8 

143 
144 
145 

1203.0 
1155.4 
1108.0 

1198.2 
1150.7 
1103.8 

1193.4 
1145.9 
1098.6 

1188.7 
1141.2 
1003.9 

1183.9 
1136.4 
1089.2 

1179. 1 
1131.7 
1084.5 

U74.4 
1126. 9 
1079.8 

1160.6 
1122.2 
1075.1 

1164.9 
1117.5 
1070.4 

1160.2 
1112.7 
1066.8 

146 
147 
148 

106L1 

1014.4 

908.0 

1056.4 

1009.8 

963.4 

1051.7 

1005.1 

958.8 

1047.1 

1000.5 

964.1 

1042.4 
995.8 
949.5 

1037.7 
991.2 
944.9 

1033.1 
986.6 
940.3 

1028.4 
981.9 
936.7 

1023.7 
977.3 
031.1 

1019. 1 
972.7 
826.5 
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Table  No.  5 — Contmued. 


V. 

0. 

1. 

9. 

3. 

4. 

ft. 

6. 

y. 

8. 

9. 

F.8. 
149 
150 
151 

Feet 
921.9 
676.0 
830.4 

FeeL 

917.3 
871.4 
825.9 

FeeL 
912.7 
866.9 
82L3 

Feet. 
908.1 
862.3 
816.8 

Feet 
903.6 
867.8 
812.2 

Feet 
898.9 
853.2 
807.7 

Feet 
804.8 
848.6 
803.2 

Feet 

889.7 
844.1 
798.6 

Feet 

885.1 
839.5 
794.1 

Feet. 

880.6 
835.0 
789.5 

152 
153 
154 

785.0 
739.7 
694.7 

780.6 
786.2 
690.2 

775.9 
730.7 
685.7 

771.4 
726.2 
681.2 

766.9 
721.7 
676.8 

762.3 
717.2 
672.3 

757.8 
712.7 
667.8 

753.3 
708.2 
668.3 

748.7 
703.7 
658.8 

744-2 
690.2 
654.4 

156 
156 
167 

649.9 
605.3 
660.8 

646.4 
600.8 
556.4 

640.9 
506.4 
551.9 

636.5 
591.9 
547.6 

632.0 
687.5 
543.0 

627.5 
583.0 
638.6 

623.1 
578.6 
534.2 

618.6 
674.1 
629.7 

614.2 
660.7 
526.3 

CS09.7 
565.2 
520.9 

158 
159 
160 

616.4 
472.3 
428.8 

512.0 
467.9 
423.9 

507.6 
463.5 
419.6 

503.1 
450.1 
415.1 

408.7 
454.7 
410.7 

494.3 
450.3 
406.4 

488.9 
445.9 
402.0 

485.5 
441.6 
397.6 

481.1 
437.1 
893.2 

476.7 
432.7 
888.9 

161 
162 
163 

384.5 
340.9 
297.4 

880.1 
836.5 
293.1 

375.8 
332.2 
288.7 

871.4 
327.8 
284.4 

867.1 
823.5 
280.0 

862.7 
319.1 
275.7 

358.8 
314.8 
271.4 

354.0 
310.4 
267.0 

849.6 
306.1 
262.7 

845.3 
301.7 
258.4 

164 
165 
166 

254.0 
210.9 
168.0 

249.7 
206.6 
163.7 

246.4 
202.3 
159.5 

241.0 
198.0 
155.2 

236.7 
193.7 
150.9 

232.4 
189.4 
146.7 

228.1 
185.1 
142.4 

223.8 
180.8 
13&2 

219.5 
176.5 
134.0 

215.2 
172.  3 
129.7 

167 
168 
169 
170 

125.6 

83.3 

41.4 

0.0 

121.8 
79.1 
37.2 

117.0 
74.9 
33.1 

112.8 
70.7 
28.9 

108.6 
66.5 
24.8 

104.3 
62.3 
20.7 

100.1 
58.1 
16.6 

95.9 
63.9 
12.3 

91.7 

49.8 

8.2 

87.5 

45.0 

4.1 
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APPENDIX  K. 

MiMTACTURE  OF  LEATHER.    BY  FIRST  LIEUT.  D.  A.  LYLE,  ORDNANCE 

DEPARTMENT,  LTJITED  STATES  ARMY. 

(Six  plates.) 

Benicia  Arsenal,  Cal., 

March  20, 1876. 

Hie  chemical  combination  of  elastin  and  gelatine,  the  two  principal 
ci>Q.<<titaents  of  the  skins  of  animals,  with  tannin  or  tannic  acid,  forms 
father. 

Eiatftiny  or  the  homy  matter  of  the  skin,  is  the  most  important  con- 
stituent, and  is  "  perfectly  insoluble  in  cold  or  boiling  water ;  also,  in 
ammonia,  acetic  acid  or  alcohol.''  Tannic  acid  is  the  only  acid  which 
^vw  a  precipitate  with  the  neutral  solution. 

Gelatine. — This  substance  is  generated  from  the  cellular  tissue  by  the 
action  of  hot  water. 

With  uimic  acid  or  infoaion  of  nat-gaUs  selatine  gives  a  oopioas.  whitish,  curdy 
piKipiutCy  which  coheres  on  stirring  to  an  elastic  mass  quite  insoluble  in  water,  and 
iBrdpable  of  putrefaction.  Tannic  acid  is  the  only  acid  that  gives  a  precipitate  with 
>  wlotion  of  gelatine.    It  does  so  even  when  the  solution  is  exceedingly  dflute. 

Tannic  acids  or  tannins. — "  These  substances  constitute  the  astringent 
principles  of  plants,  and  are  widely  diflfused  in  one  form  or  other  through 
th<?  vegetable  kingdom.  Tanniij  is  a  slightly  yellowish,  friable,  porous 
ffliijjs,  having  no  tendency  to  crystallization.  It  is  very  soluble  in  water, 
Ihs  so  in  alcohol,  and  very  slightly  soluble  in  ether.  It  reddens  litmus, 
and  possesses  a  pure  astringent  taste,  without  bitterness." 

Dilate  tannic  acids  are  used  for  tanning  purposes,  and  are  simply  in- 
fibions  of  ground  oak-bark,  hemlock-bark,  sumach,  valonia,  or  some 
<'tb<T  astringent  vegetable  matter. 

The  principle  of  tanning. — ^This  maybe  stated  as  follows:  Take  the 
^kin  of  an  animal,  remove  from  it  the  hair,  fat,  loose  flesh  and  other  im- 
F'Orities,  and  immerse  it  in  a  dilute  solution  of  tannic  acid ;  the  cellular 
wd  elastic  tissues  will  gradually  combine  with  that  substance,  as  it 
>fietrates  toward  the  interior,  and  will  form  a  compound  perfectly  in- 
•*»inWc,  and  which  will  completely  resist  putrefaction ;  this  compound 
L*  leather. 

The  hides  tanned  on  this  coast  are  generally  divided  into  two  classes, 
•*  j^aoghtered "  hides,  or  those  fresh  from  the  abattoirs,  and  "  salted " 
lt^<i«s  or  those  which  have  been  salted  in  order  to  preserve  them  from 
ifltTvCwition  until  they  reach  the  hands  of  the  tanner.  Very  few  dry 
iiidw  are  tanned  here.  It  is  said  that  the  "  slaughtered ^  and  "  salted" 
liideK  make  better  and  smoother  leather  than  (fry  ones,  and  are  more 
♦*Hly  and  quickly  tanned.  Tanners  here  also  state  that  the  leather 
fh«*T  make  from  dry  hides  is  inferior  to  that  made  fit)m  the  same  stock 
ia  the  Eastern  States,  but  that  the  leather  made  ftx)m  wet  hides  on  this 
ooKt  is  sni>erior  to  the  corresponding  Eastern  manufacture.  The  pro- 
♦^•*  of  preparing  leather  from  the  crude  skin — as  practiced  by  tanners 
<*n  the  Pacific  coast— comprises  three  departments,  which  are  abnost 
♦-Dtiivly  distinct  from  one  another,  viz : 

( 1.  The  beam-house. 

The  operations  of ^2.  The  tannery. 

(  3.  The  currying-shop. 


62  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

1.  THE  BEAM-HOUSE. 

The  green  and  salted  hides  are  brought  here  first,  and  are  put  to  soak 
in  vats  filled  with  soft  water  for  about  three  days,  t/O  soften  them  and 
to  dissolve  and  remove  the  salt.  The  hides  thus  ffeshened  are  placed 
in  vats  (7'  x  8'  x  6'  =  size)  containing  milk  of  lime  (t.  <?.,  quick-lime, 
slightly  air-slacked  +  water),  where  they  remain  about  nine  days. 
They  are  then  taken  from  the  lime-vats,  cut  in  halves  and  "  beamed,'^ 
which  operation  consists  in  removing  the  hair,  adhering  flesh,  earth,  &c., 
with  the  fleshing-knife.  The  beam  of  the  beam-house  difters  from  that 
of  the  currying-shop,  as  will  be  seen  hereafter.  It  is  made  of  thick 
planks,  is  semi-cylindrical  in  shape,  with  its  axis  making  an  angle  of 
about  450  with  the  floor ;  the  convex  side  is  uppermost,  and  the  higher 
end,  against  which  the  workman  holds  the  skin  by  pressing  against  it 
with  his  body  and  legs  while  he  manipulates  it,  is  farthest  from  the  vat«. 
After  being  scraped  and  fleshed  upon  this  beam  the  skins  are  trimmed- 
The  refuse  trimmed  off  is  barreled  and  sold  to  the  glue- factories  for  glue 
stock,  and  the  hair  is  washed,  dried,  sacked,  and  sold  for  the  plasterer's 
use.  The  horns  and  tails  are  removed  by  the  slaughterer.  The  hides  are 
here  divided  into  three  classes :  Ist,  for  sole-leather — this  comprises  the 
heaviest,  thickest  and  best  hides ;  2d,  for  harness-leather — ^these  hides 
are  selected  for  their  size,  uniform  thickness,  and  fi'eedom  from  "  brand 
marks,"  gashes  and  holes ;  3d,  for  light  leather — all  those  not  included 
in  the  two  former  classes. 

The  skins  intended  for  harness  and  light  leather  are  next  milled  in 
clean  soft  water  for  about  fifteen  minutes  to  remove  the  lime  and  to 
soften  them.  They  are  then  bated  in  a  strong  solution  of  hen-manure. 
This  lixivium,  or  bate,  is  made  by  putting  one  bushel  of  hen-manure  in 
vats  half  filled  with  cold  soft  water.  The  manure- vats  are  8'  x  5'  x  4', 
and  will  contain  one  hundred  sides.  These  vats  are  cleaned  and  fresh 
liquor  put  in  once  in  two  months.  In  moderately  warm  weather  the  sides 
are  left  in  these  for  one  or  two  days ;  in  cool  weather  more  time  is  re- 
quired. On  removal  from  the  manure- vats  the  sides  are  washed,  stoned, 
and  worked  over  (scraped  on  both  sides)  very  careftilly  on  the  beam, 
and  all  short  hairs  (new  growth),  earth  and  lime  removed,  leaving  the 
skins  soft,  pliant,  and  ready  for  the  absorption  of  the  tanning  iirinciple. 
Sole-leather  is  never  either  milled  or  bated,  but  is  washed  and  stoned. 
Cold  water  only  is  used  in  the  beam-house. 

This  ends  the  beam-house  work. 

2.  THE  TANNERY. 

Tanning. — The  sides,  when  brought  fi*om  the  beam-house  to  the  tan- 
nery, are  first  placed  in  the  stringers  (or  vats,  9'  x  8'  x  5')  and  so  tied 
up  as  to  hang  lengthwise  in  the  pits.  Seventy  sides  are  put  in  each 
vat.  There  they  hang  in  a  weak  ooze  or  infusion  of  oak-bark  for  seven 
days.  They  are  then  handled  daily  for  about  five  days  more.  Hand- 
ling is  taking  them  out  into  the  air,  smoothing  them  out,  sometimes 
rubbing  them  to  remove  ridges  and  wrinkles,  and  returning  them  to 
theii*  former  position  in  the  stringers.  Each  day  that  they  aie  handled 
the  strength  of  the  infusion  is  increased  a  little. 

Layers. — They  are  now  ready  to  be  put  in  the  layers  or  lay-aways,  so 
called  because  here  the  sides  are  laid  away  for  some  time.  There  are 
four  of  these  large  vats,  designated  as  the  first,  second,  third  and  fourth 
layers. 

First  layer. — The  mode  of  doing  this  is  as  follows :  First,  if  the  vats 
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be  empty,  a  thin  stratum  of  ground  oak-bark  is  spread  over  the  bottom 
of  the  vat ;  upon  this  a  skin  is  laid  flat,  with  the  flesh  side  down,  and 
covered  with  a  layer  of  ground  bark,  u];)on  which  a  second  skin  is  placed, 
and  so  on  until  the  vat  is  filled.  A  thick  stratimi  of  oak-biirk  is  spread 
over  the  top  and  a  weak  tan-liquor  is  pumped  in  till  the  pit  is  full  Second, 
if  the  vat  already  contains  the  ooze,  a  steitum  of  dry  pulverized  bark  is 
strewn  uixm  the  surface  of  the  liquor,  a  side  placed  upon  this,  then  a 
second  layer  of  bark  and  another  side,  and  so  on,  alternating  until  the 
vat  is  filled ;  the  whole  sinking  slowly  in  the  liquor  as  the  weight  is 
superadded.  If  the  mass  does  not  sink  readily,  it  is  trodden  down  by 
the  feet  of  the  workmen.  The  flesh  side  is  always  placed  downward  to 
avoid  scratching  the  grain  when  removing  from  the  vat  with  the  hook. 
The  sides  remain  in  the  first  layer  about  eight  days. 

Up  to  this  jwint  the  ojierations  pursued  with  the  three  classes  (sole, 
harness  and  light  leather)  have  been  identical ;  but  from  this  stage 
they  are  somewhat  divergent,  and  will  be  treated  separately. 

I.  Sole-leather, 

Second  l/iyer. — ^The  sides  intended  for  sole-leather,  upon  being  removed 
from  the  first  layer,  are  put  down  in  the  same  manner  in  the  second 
layer,  but  with  a  strong  infusion  of  bark-liquor,  where  they  are  left  for 
eighteen  days,  and  then  taken  out. 

Third  layer. — They  are  placed  in  third  layer  as  in  i)receding  layers, 
except  that  here  they  are  subjected  to  the  action  of  a  very  strong  liquor, 
and  remain  for  twenty-five  days.  y 

Fourth  layer. — ^The  position  of  the  sides  in  this  layer  is  the  same  as  in 
the  others,  but  the  vat  contains  the  strongest  liquor  that  can  be  made, 
to  which  is  added  a  solution,  made  by  lx)iling  together  gambier  ana 
valonia  in  water  for  an  hour  (proportions :  1  i)Ound  gambier  +  1  pound 
valonia  to  each  side  of  leather).  In  this  decoction  the  sides  remain  four 
weeks.    They  are  then  taken  out,  and  the  tanning  is  completed. 

II.  Harness-leather. 

The  process  of  tanning  harness-leather  is  the  same  as  for  sole  leather 
until  the  sides  are  taken  out  of  the  first  layer.  From  this  stage  those 
sides  intended  for  harness-leather  are  treated  separately. 

Second  layer. — In  this  the  sides  are  stratified  in  medium  liquor,  and 
remain  eighteen  days. 

Third  layer. — ^Then  they  are  put  down  in  the  third  layer  in  strong  tan- 
liquor  for  twenty-five  days,  after  which  they  are  taken  out,  and  the 
tanning  is  finished. 

III.  Light-leather. 

All  sides  intended  for  light  leather,  on  coming  out  of  the  first  layer, 
are  skived,  split,  and  shaved.  By  these  ojierations  the  unfinished  leather 
is  hardened.  It  is  next  milled  in  weak  tan-liquor  for  about  fifteen  min- 
utes, to  soften  and  render  it  porous  enough  to  imbibe  the  tannin  from 
the  ooze,  and  it  is  put  in  the  handlers  with  a  strong  liquor  for  ten  days. 
It  is  now  fully  tanned. 

3.  THE  CUKBYING-SHOP. 

I.  Sole-leather  currying. 

After  tanning,  the  sole-leather  is  soaked  in  a  weak  solution  of  tan- 
liquor  for  twenty-four  hours,  the  object  being  to  take  out  of  the  surface 
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of  the  sides  a  little  of  the  strong  tanning  material  previously  absorbed 
in  the  vats  of  the  fourth  layer,  thus  rendering  them  of  a  lighter  appear- 
ance. (Upon  this  light  color  depends  the  selling  quality  of  the  leather, 
buyers  preferring  light,  bright-tinted  sides.)  After  this  the  sides  are 
taken  out  and  washeid  with  soft  water,  vigorously  applied  with  split  or 
bamboo  brooms,  and  are  then  piled  up  for  two  days  under  cover  to  allow 
the  water  to  drain  off.  It  is  necessary,  in  order  to  preserve  the  light 
appearance  of  the  leather,  that  it  be  kept  in  a  close,  dark  room  and  free 
from  currents  of  air,  as  the  slightest  wind  impinging  upon  it  after  com- 
ing out  of  the  tan- vats  turns  it  to  a  deep  brown  color. 

The  sides  are  next  treated  to  a  coat  of  ix>lar  oil,  applied  with  a  brush 
or  swab,  and  are  hung  up  to  dry  in  a  cold,  dark,  close  room  for  eight 
days.  When  dry  they  are  taken  down,  sprinkled  with  water,  and  piled 
in  the  rolling-room  for  twenty-four  hours.  The  sides  are  tnen  rolled 
under  great  pressure  by  a  brass  roller  driven  by  steam-power,  after 
which  they  are  again  hung  up  for  twelve  hours  to  dry.  When  dry,  they 
are  taken  down,  and  either  the  weight  is  stamped  upon  each  side,  or 
they  are  put  up  in  rolls  of  ten  sides  eaeh  and  the  total  weight  stami)ed 
upon  the  rolls.  The  time  occupied  in  preparing  sole-leather  for  market 
is  117  days  from  the  date  that  the  green  hides  entered  the  beam-house. 

II.  HamesS'leafher  currying. 

After  tanning,  the  sides  for  harness-leather  are  half  dried  to  enable 
t^em  to  be  worked  easily.  They  are  skived,  and  afterward  milled  in  an 
aqueous  solution  of  sumach  for  about  twenty  minutes.  One  pound  of 
sumach  to  each  side  of  leather  is  used  in  this  solution.  The  sides  are 
then  scoured,  slicked,  and  stoned  on  the  grain  side,  and  scoured  and 
slicked  on  the  flesh  side,  to  remove  superfluous  moisture,  glutinous  sub- 
stances, and  to  stretch  them.  Aft-er  these  operations  have  been  per- 
formed the  leather  is  half  dried,  stretched,  and  set  by  the  vigorous  use 
of  the  slicker  upon  the  scouring  table,  with  the  grain  side  down.  It  is 
now  stuffed  with  a  mixture  of  neat's-foot  oil  and  tallow  (proportions,  J 
tallow  +  §  neat's-foot  oil),  applied  with  a  stiff  hair  brush  to  the  flesh 
side,  and  hung  up  for  a  week  to  dry. 

Staining. — The  sides  are  taken  down  and  stained  on  the  grain  side 
with  a  solution  of  logwood  and  sal  soda  (proportions  for  100  sides =10 
pounds  sal  soda  +  15  pounds  logwood  +  water),  applied  with  a  hair 
brush. 

Blacking. — They  are  also  blacked  on  the  grain  side  with  a  decoction 
of  iron-rust  and  vinegar,  put  on  with  a  hair  brush,  after  which  they  are 
rubbed  with  hard  taUow  to  give  a  polished  appearance  when  finished. 
The  currier  then  sets  the  sides  on  the  table  with  the  stock-stone,  removes 
moistiu^e  and  tallow  with  a  steel  slicker,  and  glasses  them  over  with  a 
plate-glass  slicker  to  smooth  them  and  to  produce  a  fine  grain.  They 
are  next  treated  with  a  coat  of  hot  stuffing  (^  neat's-foot  oil  +  f  tallow), 
applied  with  a  swab  made  of  lamp-wicking.  The  leather  is  now  ready 
to  be  hung  up  in  the  drying-room,  where  it  remains  thirty-six  hours, 
when  it  is  taken  down,  slicker- whitened  on  flesh  side,  trimmed,  the  grease 
slicked  off  the  grain  side,  then  rubbed  with  a  dry  brush  to  improve  the 
grain,  and  finally  the  grain  side  is  given  a  smooth  finish  by  polishing  it 
off  with  a  woolen  cloth. 

in.  Light-leather  currying. 

a.  Bridle-leather. — ^This  is  split  to  required  thickness  in  the  splitting- 
machine,  and  then  curried  and  finished  in  the  same  manner  as  harness- 
leather. 
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h.  Collar-leather. — This  variety  of  leatlier  is  split,  and  undergoes  the 
same  operations  as  harness-leather,  except  that  it  is  stuffed  with  rosin- 
oil  and  is  not  so  carefully  finished. 

c.  Buff  leather. — ^This  is  very  light^  and  made  to  imitate  calfskin.  On 
being  taken  from  the  first  layer  it  is  split,  shaved  carefully,  brushed 
weU  with  water  and  returned  to  the  tan- vats  for  about  ten  days.  When 
taken  out  it  is  treated  the  same  as  harness  and  bridle  leather,  until  the 
process  of  buffing  is  reached ;  that  is,  the  leather  is  scoured,  dried  for 
one  and  one-half  hours,  dampened,  set  on  a  table,  slicked,  stuffed  with 
neat's-foot  oil,  dried,  and  the  grease  removed  by  the  slicking-machine. 
The  grain  is  buffed  off  the  skin  until  it  is  very  thin ;  it  is  then  trimmed 
and  blacked  in  the  same  manner  as  for  harness-leather.  Then  a  thin  layer 
of  neat's-foot  oil  is  spread  on  the  table,  and  the  leather  set  on  this  witli 
a  glass  slicker,  flesh  side  down.  This  stretches  and  smooths  it,  after 
which  it  is  hung  up  to  dry  for  twenty  hours,  taken  down  and  oiled  on  the 
fle^h  side ;  the  object  of  this  being  to  render  the  leather  supple  and  to 
make  it  break  up  finely  (fold  easily)  as  possible.  It  is  next  bruised  on 
the  flesh  side  with  a  graining-board  to  soften  and  render  it  more  pliable, 
then  it  is  smoothed  off'  with  a  slicker  to  remove  oil  and  other  impurities. 

Sizing. — ^The  leather  is  now  coated  with  a  paste  made  of  flour,  soap, 
beeswax,  linseed-oil,  and  water.  Curriers  differ  somewhat  in  the  propor- 
tions of  these  ingredients.  A  good  size  is  made  as  follows :  2  gallons  paste 
=  1  quart  flour  +  ^  pound  soap,  either  brown  or  castile  +  2  ounces  bees- 
wax +  1  pint  linseed-oil,  +  sufficient  water  to  make  the  paste  of  proper 
consistency.  This  preparation  is  applied  to  the  grain  side  with  a  sponge. 
It  is  then  glassed  till  smooth,  and  treated  with  a  mixture  of  gum-shellac 
and  paste  (proportions,  1  gallon  gum-shellac  in  thin  solution  +  1  quart 
of  the  above-mentioned  sizing);  this  is  rubbed  on  with  a  sponge  as 
before.  The  leather  is  now  hung  up  in  a  drying-room  heated  by  steam- 
pipes,  in  order  to  dry  the  gum  coating. 

d.  Grain  leatJier. — ^This  is  split,  scoured,  and  hung  out  in  the  ox>en  air 
until  nearly  dry,  when  it  is  run  through  a  pebbling-machine,  which 
stamps  a  fine  grain  on  the  grain  side.  It  is  then  stuffed  on  the  flesh  side 
with  a  mixture  of  §  polar  oil  and  i  tallow,  hung  up,  dried  for  two  or 
three  days,  ftnd  then  blackened  same  as  harness-leather.  Each  side  is 
now  passed  through  the  slicking-machine  to  remove  grease  and  the  grain 
raised  with  the  graining-board.  It  is  then  set  on  a  marble  or  hard- 
wood table,  grain  side  down,  and  swabbed  with  a  coat  of  neat's-foot  oil ; 
after  which  it  is  hung  up  to  dry  for  about  twelve  hours,  taken  down 
and  boarded  two  ways  (diagonally)  on  the  grain  side,  turned  and  boarded 
on  flesh  side  to  make  it  pliable,  slicked  to  remove  all  black  spots,  turned 
again  and  boarded  lengthwise  up  and  down  the  grain  side,  and  finished 
with  a  coat  of  gum-shellac  to  give  a  polish. 

e.  Wcur  leatlwr. — ^The  preparation  of  this  leather  is  the  same  as  that 
of  buff  leather  until  the  process  of  stuffing  is  reached.  Then  fifteen  sides 
are  put  in  the  mill,  together  with  a  quantity  of  grease,  at  the  rate  of 
2  pounds  to  each  side  (proportions,  |  neat's-foot  oil  +  ^  tallow),  and 
milled  for  twenty-five  minutes ;  then  they  are  set  on  a  table  with  a  little 
neat's-foot  oil.  A  coating  of  the  same  oil  is  applied  to  the  grain  side, 
and  the  sides  are  hung  up  to  dry  for  two  days,  more  or  less,  depending 
upon  the  weather.  After  drying  they  are  whitened,  stoned  on  grain 
side  in  the  jack,  trimmed  and  boarded  two  ways  at  right  angles  to  each 
other.  They  are  now  ready  for  blacking.  A  coating,  composed  of  J 
pound  lampblack  +  5  gallons  soft  soap,  is  applied  to  the  flesh  side  with 
a  brush ;  the  sides  are  then  glassed  in  the  jack  and  sized  by  putting  on 
a  i>aste  with  a  sponge  (same  paste  as  used  for  buff  leather),  then  hung  uj) 

5  OBD 
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for  seven  or  eipflit  clays.  ^XHien  dry  they  are  jsflassed  on  the  flesh  side 
and  finislied  with  a  coat  of  paste  and  ^ini,  as  prescribed  for  buff  leather. 
In  wax  leatlier,  it  sliould  be  obsen^ed  that  a  body  of  black  is  laid  on 
and  mbbed  into  the  flesh  side,  while  in  gnxhi  heather  the  bla<*k  is  merely 
a  stain  on  the  «rrain  side. 

/.  Polwhleather  or  poUnh-pehhle. — This  vaiiety  is  made  to  imitate 
j^oatskin,  and  is  split,  sconred  and  manipulated  in  the  same  manner  as 
grain  leather  up  to  and  including  the  0])eration  of  stufling.  It  is  then 
set  on  a  table  without  oil,  AThich  stretches  and  rendens  it  smooth,  dried 
for  tAventy-four  hours,  blacked  the  same  as  harness-leather,  after  which 
it  is  run  through  a  flne  pebbling-mac^hine  to  make  the  grain  as  small  as 
possible.  A  (Myating  of  bhxKl  and  harness-blacking  (pix>poition,  J  ])loo<l 
+  f  bhwking)  is  put  on  to  give  it  a  go<Ml  polish  ;  it  is  then  dried  for 
twelve  hours,  l^oarded  two  ways  (at  right  angles),  i>assed  under  the  jack, 
where  it  is  indished  with  a  lignum-vitie  slicker,  receiving  a  ju'essure  of 
about  two  hundre<l  and  fitty  poimds  in  this  machine.  Six  minutes  suf- 
fice to  polish  a  side.  After  this  it  i-eceives  another  coat  of  blood  and 
blacking,  is  dried,  boarded  two  ways  (at  right  angles),  bruised  on  flesh 
and  polished.  Lastly,  a  thin  coating  of  linseed-oil  is  applied  to  the 
grain  side,  whicli  deadens  tlie  glossy  appeamnce  and  gives  the  surface 
a  moi'e  uniform  polish. 

g.  Oil  pebble-leather.  This  variety  is  ti*eated  in  the  same  maimer  as 
polish -leather,  except  that  it  is  stuffed  with  neat's-foot  oil  alone.  It  is 
then  pebbled  in  ma(*hine  (.jack),  boaitled  by  hand  to  improve  the  grain, 
set  on  the  table  with  a  little  oil  in  order  to  smooth  and  stretch  it,  dried, 
a-nd  again  gi*ained  by  hand.  Finally,  the  leather  receives  a  coat  of 
"French  flnish''  (a  compound  of  glue,  bkxxl,  and  ammonia).  Some  cur- 
riers coat  onlv  with  warm  oil. 

h.  Trunk-leather. — This  leather  is  split,  scoured,  dried  and  set  on  a 
table  with  a  stone  aiul  slicker,  a  little  oil  being  used.  It  is  hung  up  and 
dried  for  two  days,  then  stoned  on  the  flesh  side  in  tlie  jack  to  remo\  e 
the  oil  and  to  give  it  a  uniform  color.  The  leather  is  now  poli8he4l  on 
the  giain  side  with  a  lignum-vitjc  slicker,  the  object  being  to  give  it  a 
light-reddish  appearance. 

i.  Splits, — These  ai'e  the  thin  i>ieces  shaved  fnmi  the  flesli  si<le  of  all 
** light  leathers"  by  the  splitting-maehine.  Having  amarket  value,  the> 
are  prepared  for  sale  as  follows ;  They  are  milled  in  weak  tan-licpior  for 
ttfteen  minutes  to  bnnik  up  the  hard,  gristly  grain  and  to  soften  them, 
then  placed  in  vats  containing  strong  bark-liquor  for  three  weeks,  taken 
out,  washed,  and  hung  upon  ]>oles  imtil  dry  en(mgh  to  be  split  by  the  ma- 
chine. The  thickiH^ss  of  the  splits  is  governed  by  the  buyer's  onler. 
After  sjditting  they  are  milled  as  bef<u*e  and  replaced  in  the  tanning- 
vats  for  three  or  four  days.  They  are  niilh^d  for  the  third  time  for  tif- 
teen  minutes  in  a  solution  of  hot  gambler  (proi>ortion,  2  oun(*es  gambier 
to  ea<^h  split  -f  l*"*  gallons  soft  water).  After  this  ]>rocess  they  are 
scoured  on  grain  side,  slicked  ofl^",  stuffed  with  iiolar  oil,  partially  dried, 
the  oil  slicked  oft',  whit(Mie(l,  trimmed,  and  treated  with  a  coat  of  thin 
sizing  on  the  flesh  side.  The  size  is  that  used  lor  butt"  leather,  exce]>t 
that  the  water  is  replac<Ml  by  a  soluti<m  of  (juercitron  bark  and  alum 
(])r(»i>ortions,  solution  =  1  ])ound  alum  to  10  gallons  strong  decoction  of 
(jucrcitnHi  bark).  This  gi  v(»s  a  yellow  color.  The  sjdits  are  next  blacked 
an<l  sized  on  the  gi'ain  side  (same  blacking  and  sizing  used  as  for  wax 
leather),  and  hung  up  to  dry  for  twelve  hours,  then  glassed  on  both 
sides  with  the  glassing-jack,  laid  on  a  table  and  tieated  to  a  coat  of 
neatVfoot  oil  on  the  flcsli  side.     After  the  (»il  is  absorlHMl,  thcv  aix»  tin- 
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isbtnl  with  au  application  of  giiin-sbellac  and  paste,  tlie  same  as  that 
lusn^l  for  buft'  leather. 

j.  Mired  leatJier. — In  this  dixisioii  of  li^ht  leather  are  iiiehided  all 
those  which  reqiure  some  peeuUar  treatment  in  tanning. 

Skirting. — This  variety  receives  the  same  treatment  as  harness-leather 
up  to  and  including  scorning,  after  which  the  sides  are  dipped  in  vat« 
4*oDtainin^  an  aqueous  solution  of  suma^ii  (propoitions,  J  iK)und  sumach 
t«»  each  side  of  leather  +  water),  Avhi(*h  is  heated  by  steam  until  the  tem- 
]ieratiire  is  rjused  to  the  proper  lieight.  In  this  solution  they  are  handled 
twic?e,  remaining  in  the  vats  the  tiist  time  about  ten  minutes,  and  the 
.*^'«md  time  about  half  an  hour ;  they  are  then  put  down  in  the  same 
M>Jutiun  and  left  over  night ;  wlien  removed  they  present  a  very  liglit 
in>k>r,  which  is  lu-eserved  by  drying  slowly  in  a  dark  place.  Dampening 
them  43CCiU»ioually  with  water  causes  them  to  dry  more  uniformly.  A 
Natumted  solution  of  oxalic  acid,  to  which  is  ad<led  a  small  quantity  of 
>^ulphnric  aicdd,  is  applied  to  give  them  a  still  lighter  cx)lor.  Then  they 
are  i*et  on  the  table  with  a  very  little  oil,  and  dried  slowly  in  a  dark  place 
far  alxmt  eight  days,  taken  down,  tiimmed,  and  nd>btiil  over  with  a  cloth. 
Tlte  a<*tiou  of  the  sulphuric  a<dd  thickens  the  leather,  but  does  not  im- 
jimve  it. 

Ijat'ujo  Je/tther. — The  thinnest  hides  are  si»lecfetl  for  this  Viuiety  in  the 
l»eam-houso,  where  they  are  treated  in  the  same  nmnner  as  harness- 
leather,  except  that  they  are  bated  more.  In  tanning,  the  sides  are  put 
ill  a  vat  C'oiitaining  a  solution  of  1  pound  alum  4-  ^  pound  ciiti'h  +  ^  pound 
*ilt  to  eaeli  side,  and  i*emain  eight  days.  The  sides  are  now  dried  on 
|M»leH,  <lampene<l,  and  then  stuffed  in  the  mill  with  1§  i>ounds  stuiling  to 
«ieh  Hide  (iMx>iH>i*tions  stutting  =  §  polar  oil  +  J^  tallow),  remaining 
twenty  minutes.  After  this  they  are  set  on  the  grain  side  with  a  stock- 
stone,  given  a  coat  of  neat's-fiK)t  oil,  and  hung  up  to  diy.  The  drying 
uMist  l>e  done  as  quickly  as  i)ossible,  and  should  not  extend  beyond  forty- 
ei^jht  hours,  in  oinier  to  prevent  the  salt  coming  to  tlie  surftwe.  When 
dn  they  are  trimmed,  stoned  on  the  flesh  side  in  the  jack,  and  boarded 
xwo  ways  diagonally. 

Lace  leather, — ^This  leather  is  tanned  in  the  same  manner  a«  latigo 
It^ther,  but,  uistead  of  being  stuii'ed,  it  Ls  stoned  out  on  a  table  to  make 
the  grain  smooth  and  buifed  on  a  beam  with  a  currier's  knife,  it  is 
then  stuffed  in  the  mill  with  al)out  1  poiuid  cold  neat's-foot  oil  to  each 
Mde,  taken  out,  slicked  and  dried.  It  dries  ipiickly,  the  grain  beuig 
hn^ed  off  allows  the  air  to  iienetrate  it  retidily.  When  dry  it  is  trinune^l 
and  soft-boarded  to  make  it  pliable,  treated  with  a  coat  of  hot  taUow 
apfiliefl  on  the  gram  side.  This  application  still  fiirther  softens  it,  pre- 
vents the  salt  from  coming  out,  and  gives  it  the  appeiirance  of  being  oil- 
Tdtine^l.     Lace-leather  is  often  called  alum-leather. 

Bdlows4eather, — The  sides  for  this  variety  are  put  in  a  weak  ooze  in 
Tlie  stringers  for  alxmt  two  weeks,  taken  out,  Wiished,  partially  dried, 
uimI  split  in  the  splitting-machine.  They  are  then  milled  in  alum  hquor 
i«ir  lift«*en  minutes  to  bi^eak  up  the  grain  and  gristle,  x>ut  down  in  the 
ahun-vat  for  two  or  three  days,  taken  out  and  treated  in  the  same 
manner  as  lace  or  alum  leather,  except  that  less  grease  is  used ;  and, 
lastly  they  are  trimmed,  stoiuMl  in  the  Jack,  boarded  two  ways  (diagonally), 
M\\\  liniised  on  the  flosli  side  to  make  them  pliable.  But  little  oil  sliouhl 
rt-rnain  in  the  sides  when  tinished,  else  they  will  s<Km  rot. 

iM/#M/7,  or  belting  leather, — Tliis  variety  is  usually  tanned  to  order, 
and  for  it  the  largest  hides  are  selectcMl.  They  are  i>rei)ared,  tanned, 
;iii«l  rurri<Ml  in  the  same  manner  as  harness-heather,  exce])t  that  on  com- 
hi'j,  out  of  the  first  layer  they  are  trimmed,  cutting  off  the  cheeks,  shanks, 
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and  bellies.  These  pieces  or  trimmings  are  tanned  separately,  receiving 
the  same  treatment  as  sole-leather,  except  that  only  one-half  the  time 
is  occupied  in  tanning.  When  finished,  they  are  known  to  the  trade  as 
"oftal,"  and  are  used  for  the  insoles  of  shoes.  The  parts  used  for  belt- 
ing are  dried,  cut  into  strips  of  the  required  size,  soaked  in  water  until 
quite  pliable,  placed  in  a  stretching-machine  ana  subjected  to  a  tensile 
strain,  varying  according  to  the  width  of  the  strips.  About  2,500  pounds 
tensile  force  is  applied  to  a  belt  10"  wide. 

Calfskins, — In  the  beam-house  these  receive  the  same  treatment  as 
light  leather.  They  are  tanned  in  medium  liquor,  and  in  the  handlers 
only,  remaining  about  two  weeks,  as  they  are  too  thin  to  put  in  the  layers. 
When  taken  out  they  are  skived,  and,  if  necessary,  the  thick  parts  are 
passed  through  the  splitting-machine.  After  this  they  are  put  in  weak 
liquor  for  two  weeks,  taken  out,  milled  in  a  solution  of  sumach  (i  pound 
sumach  to  each  skin),  scoured  and  dried.  Calfskins  are  always  stuffed 
in  the  mill,  as  this  causes  the  neat's-foot  oil  and  tallow  to  permeate  the 
skin,  while  in  hand-stufling  the  tallow  is  left  on  the  surface.  The  skins 
are  next  set  on  a  table  with  a  stock-stone,  coated  with  neat^s-foot  oil,  dried, 
whitened  on  flesh  side  with  a  steel  slicker,  trimmed,  grain  side  passed 
under  the  stoning-jack,  boarded  two  ways  (at  right  angles),  blacked  and 
finished  in  the  same  manner  as  wax  leather. 

CLASSIFICATION. 

In  order  to  produce  good  tannages,  the  stock  of  hides  should  be  uni- 
form in  weight,  substance,  and  condition.  For  these  conditions  to  obtain, 
a  carelul  assorting  of  the  hides  must  be  resorted  to  before  sending  them 
to  the  lime- vats  or  sweat-pits,  and  again  repeated  at  the  different  stages 
until  they  arrive  at  the  handlers. 

If  the  hides  in  a  pack  vary  much,  those  of  medium  thickness  may  be 
tanned  perfectly,  while  the  thick  ones  will  be  under  and  the  thin  ones 
over  tanned. 

The  same  inequality  will  be  found  in  packs  when  different  kinds  of 
stock  (i.  e.,  fi'esh  slaughter,  green-salted,  pickled,  dry-flint,  or  dry-salted 
hides)  are  worked  together.  The  latter  fault  is  apt  to  be  the  trouble 
at  small  tanneries,  as  they  cannot  wait  to  obtain  a  pack  of  one  hind  of 
hides,  and  consequently  throw  together  a  miscellaneous  stock.  TTni- 
formity  of  result  in  such  a  heterogeneous  mass  is  an  imi)ossibility.  The 
very  best  leather  is  made  by  those  tanners  who  use  one  quality  of  ma- 
terial for  one  kind  of  leather.  Few  can  afford  to  do  this.  Heretofore^ 
the  rules  for  classifying  hides  have  been  arbitrary  and  exceedingly  vague ; 
the  individual  opinion  of  the  dealer  guided  in  most  cases.  At  the  meet- 
ing of  the  National  Convention  of  Tsinners  and  Dealers  in  Hides  and 
Leather,  held  at  the  Centennial  Exhibition  in  Philadelphia,  in  October, 
1876,  the  following  rules  were  unanimously  adopted  for  the  object  of 
securing  a  uniform  method  of  classifying  hides.  "  These  rules  will  con- 
trol the  action  of  the  whole  trade  until  otherwise  ordered.'' 

RULES  FOR  THE  CLASSIFICATION  OF  HIDES. 

KuLE  1. — All  hides  having  one  or  more  grubs  shaU  be  thrown  out  and  classed  as 
damaged. 

Rule  2. — All  hides  and  skins  cut  and  scored  on  the  flesh  shall  be  thrown  out  and 
classed  as  damaged. 

Rule  3. — ^All  hides  for  currying  purposes  having  one  or  more  brands  shall  be  thrown 
out  and  classed  as  No.  2  hides. 

Rule  4. — ^AU  hides  sold  for  sole  leather  having  more  than  one  brand  shall  bo  throwu 
out  and  classed  as  No.  2  hides. 
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RuLK  5. — ^All  harness  hides  visibly  damaged  by  hook  or  horu  marks  on  the  graiu 
shall  be  eliu^ed  as  No.  2  harness  hides. 

RuLK  6, — In  the  voeabulary  of  this  trade  one  letter,  figure,  or  mark  constitutes  a 
brand  on  a  hide,  and  rattle-raisers,  in  their  own  interest,  are  requested  to  make  their 
brands  of  one  letter  or  mark,  as  small  as  possible,  and  so  located  upon  and  down  the 
les  aA  to  produce  the  lea.st  possible  injury  to  the  hide. 

KrL£  7. — ^The  above  rules  concerning  cuts,  scores,  gnibs,  and  brands  shall  be  applied 
to  all  transactions  in  dried  hides  as  well  as  to  those  that  are  fresh  or  salted ;  also  to 
imported  as  well  as  to  domestic  hides. 

RuL£  8. — All  calfskins  shall  have  the  sinews  taken  out,  or  proper  tare  allowed  for 
t^e  same ;  the  minimum  weight  of  nntrimmed  skins  shall  be  8  pounds  and  the  maxi- 
mum weight  shall  be  15  pounds.  This  classification  to  be  applied  strictly  to  calfskins, 
with  no  application  to  long-hair  sunmier  kips,  which  shall  not  be  considered  calfskins. 
Trimmed  calfskins,  with  heads  oft',  shall  be  H  pounds  less  weight ;  veal-kips  shall  be 
classed  as  plump ;  milk-calfskins,  15  to  25  pounds,  in  the  sesison  shall  bo  classed  as 
.«4hort-hair  kip. 

Rule  9. — ^A  green-trinmied  hide  is  a  hide  clear  of  bonis,  bones  of  all  kinds,  flesh, 
sinews,  blood,  manure,  or  other  oftal. 

Rule  10. — Green-salted  hides  shall  be  considered  in  good  merchantable  condition 
when  the  same  are  fully  cured  or  preserved  with  salt,  and  well  cuhmI  of  their  animal 
jnices,  and  free  from  all  salt  and  superfluous  wet  in  the  hair  or  on  the  flesh,  or  so  made 
by  proper  tare,  when  bought  and  sold. 

Rule  11. — ^Any  watered  hide,  or  one  which  has  any  material  put  upon  it  except  salt, 
for  strictly  curing  purposes,  shall  not  be  considered  in  a  merchantable  condition,  and 
all  sales  of  hides  made  in  such  condition  shall  be  considered  fraudulent,  unless  the  con- 
dition be  made  known  to  the  purchaser  pre>ions  to  the  sale. 

Rule  12. — Hides  cut  at  the  throat  shall  be  classed  as  unmerchantable,  provided  the 
gaHh  extends  more  than  one-fourth  across  the  hide. 

MILLING. 

In  many  tanneries  it  is  the  enstom  to  mill  the  hides  after  they  have 
lieen  throngh  the  process  of  "  sweating.''  Tliis  operation  is  most  injuri- 
tms,  a.s  it  "fulls''  in  the  hair^  and  removes  the  gelatine  which  is  now 
nearly  solnble  in  water.  This  wasted  gelatine  should  rightfully  go  to 
make  leather  when  combined  with  tamiin. 

LIMING. 

The  lime-vats  should  be  large,  and  long  enough  to  handle  the  hides 
whole.  The  lime  causes  the  thin  i)arts  of  the  hides  to  contract  more  than 
the  thick.  The  hides  should  never  be  cut  in  halves  until  after  liming, 
else  an  irregular  back  line  will  be  the  residt,  which  will  lead  to  loss  in 
cutting  where  long  strips  are  required.  This  is  especially  important  in 
belting  and  harness  leather.  Lime  loosens  the  hair,  sai)onifies  the  fat, 
and  distends  the  fiber.  Some  contend  that  lime  carries  off  the  gelatine 
and  albumen  of  the  skin. 

High-limed  leather  is  loose  in  texture,  weighs  light,  wears  out  rapidly, 
and  the  subsequent  fermentation  in  the  bate  after  liming  iu(*iTases  the 
evil. 

I^SE  OF  VITRIOL,   OR  SULPHITRIC  ACID. 

Tannei-s  are  generally  aiLxious  that  thin  leather  should  appear  thick 
when  finished.  To  accomplish  this  they  resort  to  a  solution  of  sulphuric 
a<5id  in  which  the  sides  ai^e  immersed  for  a  certain  number  of  hours,  the 
length  of  time  depending  upon  the  strength  of  the  liquor. 

^e  acid  is  usually  added  to  the  ooze  in  the  handlers.  This  ac»id  dis- 
tends and  injures  the  fiber,  and  if  not  removed  from  the  grain  will  leave 
directly  beneath  it  a  dark-orown  stratum,  which  in  sole-leather  is  very 
objectionable  to  manufacturers  who  employ  machine  instead  of  hand 
labor  in  removing  the  grain  from  the  soles  of  "boots  and  shoes,  as  it  leaves 
the  soles  dark  and  less  attractive  to  the  buyer.    The  gallic  acid  of  the 
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vats  leaves  a  similar  stratum,  but  it  can  easily  be  removed  by  other  aeids. 
The  vitriol  stain  cannot  be  counteracted,  and  exposure  to  the  weather 
renders  its  existence  more  and  more  apparent.  It  is  used  to  neutral 
ize  the  lime  as  well  as  to  "plum])''  the  fiber.  Where  judiciously  use^l, 
the  whole  substance  of  the  hide  is  slightly  swelled,  and  the  grain  is  not 
injured.  It  should  not  be  used  Avith  "  sweat"  leather.  Thick  hides  will 
stand  more  sulphuric  acid  than  thin  ones,  and  so  of  the  corresi)ondiu^ 
parts  of  the  same  hide. 

The  use  of  this  a<dd  has  lH»come  general,  and  so  injudicious  has  been 
its  application  that  it  has  called  forth  the  condemnation  of  manufacturt»rs 
of  leather  goods. 

Vitriol-raised  leather  treated  with  weak  liquors  produces  the  ixMirest 
quality  of  leather;  the  grain  being  poor  and  harsh  to  the  touch,  the  fiber 
coarse  and  avooIIv. 

COLOR  ATION. 

1.  Color  (hie  to  fanning  material. 

Almost  every  tanning  material  stamps  its  own  peculiar  cpuility  on  the 
leather  subjected  to  its  action.  The  physical  charax'teristics  usually 
affected  are  the  color,  scent,  toughness,  or  the  power  of  resisting  moisture 
or  decay.  The  coloring  matter  in  some  excellent  tanning  materials  pre- 
vents their  use,  since  a  deep-rooted  custom  requires  both  ui)per  ami  sob* 
leather  to  be  of  a  yellowLsh  fawn  color,  while  anything  that  interfer<\s 
with  this  tint  is  objected  to  by  buyers. 

Oak  hark, — Oak  bark  impai*ts  firmness  and  solidity  to  leather,  while 
other  barks  give  a  greater  or  less  degree  of  softness. 

Nothing  indicates  the  superiority  of  oak  bark  used  in  tanning  so  much 
the  pecidiar  excellence  of  sole-leather. 

This  bark  gives  a  lighter  color,  and,  it  is  generally  assumed,  a  l:>etter 
leather  than  hemlock.  The  most  desirable  kin<ls  of  oak  bark  are  pro- 
cured from  the  "rock  oak''  or  "chestnut  oak ^  (Quercm  prinu^  mon- 
ticola)j  the  "  yellow  chestnut  oak"  ((?.  caHtanea)^  and  the  black  oak  (Q. 
tinetvria,)  The  latter  is  caUe<l  "  yellow  oak  "  by  tanners  on  account  of 
the  yellow  color  it  impai'ts  to  leather,  and  is  distinguished  from  all  other 
species  by  the  rich  yellow  or  orange  color  of  its  inner  bark.  It  consti- 
tutes the  quercitron  bark  of  dyers  and  tanners.  The  bark  of  the  white 
oak  (Qnercm  alba)  contains  less  tannin  than  either  of  the  above,  but  pro- 
duces a  beautiful  leather. 

Red  oak  {Q,  rubra)  gives  a  leather  whose  section  has  a  dirty  ivd  color, 
but  this  color  is  not  as  fresh  looking  as  that  of  heudock-tanned. 

Hemlock  {Abies  canaAcnsin). — llemUx'k  is  rich  in  tannin,  and  is  little, 
if  any,  inferior  to  oak  for  tanning  purposes.  By  some  it  is  reganled  as 
being  not  only  equal  to,  but  bett^^r  than  the  much-lauded  oak  bark.  The 
dark  reddivsh  color  it  imparts  to  the  leather  has  always  militated  against 
its  popularity  as  a  tanning  material.  Tanners  di\ide  the  hemlock  used 
for  tanning  into  xchite  and  red — the  difl:*erence  is  probably  not  specific, 
but  dei>en(ient  upon  climate,  soil,  ami  situation. 

Gambier  or  Terra  japonica  ( Uiwaria  gamhir)  is  the  most  important 
substitute  for  bai*k.  It  gives  a  very  d^irk  color  (reddish  brown)  and  is 
generally  useil  in  conjunction  with  black -oak  bark. 

Cuteh  and  Catechu  (Acacia  cnteckn)  are  similar  in  their  pi'operties  to 
the  above.  They  tan  rapidly,  but  the  leather  produced  is  light,  spongy, 
permeable  to  water,  and  of  a  dark  reddish  fawn  color. 

Valoniii  (aconi  cups  of  Quercm  ^IfJgilops)  is  a  good  tanning  material. 
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Init  i*xi>eiisivt»,  and  needs  to  be  i>ix>teeted  from  moisture  to  preserve  its 
iKsefhl  proi>ertie8.  Leather  tanned  with  this  material  is  said  to  be 
harder  and  lens  permeable  to  water  than  that  made  with  oak  bark. 

IHri  divi  (tix>iu  pods  of  dmalpiiia  coriarm)  generally  makes  a  porous 
leather,  haA^g  a  brown  or  dark  brownish-red  color. 

Lartk  (LarLr  amermum)  bark  gives  a  very  inferior  leather  to  that  pre- 
l)ared  with  either  oak  or  hemlock. 

Yilllotc  (from  various  species  of  the  Order  Salieaceie)  baik  gives  a 
liHruliar  yellow  e4)lor  to  leather,  but  leaves  it  very  flexible. 

Smui€  {Rhus  cor iari^i  or  ghibra)  nisikini  a  light-colored  leather;  it  is 
;:eDe»lly  use<l  in  connei'tion  with  bark. 

Din  divi  aucl  siunai;  liquors  soon  fennent,  especially  in  wann  weather. 

Bimehing. — "  Slaughter  hemlock  leather  tanned  with  liquors  of  mode- 
rate strength  ♦  •  *  will  come  out  with  a  color  that  is  between  the 
kmon  and  orange ;  if  to  this  we  add  the  warm  sumac  process,  we  get  a 
wliff  flo  nearly  a  liglit  lemon  or  a  flesh  color  as  to  meet  the  requirements 
>on^ht  in  the  l)est  oak  leather."  '*  For  tine  work,  the  butt*  is  superior  to 
uiofi  pure  oak  tannages,  for  these  have  a  '  sickly  w  hite '  tint  which  soils 
uiore  readily  than  the  hemlock  or  luiion  tannages  bleached  as  indicated." 

**  This  bleaching  ]>rocess  is  particularly'  serviceable  on  calf  and  all 
irraiiitinished  leathers,  in<;luding  harness  ami  bridle.  Xo  purely  hem- 
l<K?k  tamiage  will  *  take  the  blackfug '  so  well  as  leather  which  has  un- 
tlergone  this  tixiatment.  With  it,  hemlock  grain  leather  can  be  made  to 
hold  its  color  almost  equal  to  that  of  piu:e  oak  tannage."  Sumac  not 
'»nJy  helps  the  color  but  adds  weight. 

Bleaching  solution. — For  bleacliing  ^'  the  sides  are  dipped  alternately  in 
a  lath  of  sugar  of  lead  and  then  into  one  of  sulphuric  acid  until  the 
'•"♦loring  matter  is  removed."  "  This  bleaching  process  produces  an  im- 
mediate eflfect  that  is  almost  magical,  but  when  the  tinished  leather  is 
exposed  to  the  air  and  light  for  any  considerable  time  the  delicate. pink 
iuul  eream  color  turns  to  a  '  murky  brown.' " 

i^uma^  bath. — "  Sumac  liquor  forms  a  vegetable  acid  which,  in  its 
^rtim  on  hemlock  slaughter  leather,  not  only  neutralizes  the  color  but 
>*>ltfus  tlie  gi-aiu." 

2.  Stiiinx, 

Afiion  of  air  and  liijht, — *'  Leather  dried  in  the  open  air  will  ceriainly 
<by  dark,  even  if  thinned  with  pure  oak,  and  if  with  hemlock  or  mixed 
•wrk,  will  darken  to  a  damaging  extent.  If  a  bright  light,  particularly 
rfthe  sun's  rays  reach  the  grain  or  flesh,  the  leather  turns  bix)wn  and  is 
liennanently  discH)lored." 

Hark-liquor  stains  are  sometimes  found  up(m  the  grain  side,  due  to 
Jiqaijr  being  i>ressed  out  of  the  flesh,  which  holds  an  undue  proportion 
JD  draining  after  coming  from  the  last  layer ;  this  will  result  if  little 
<'arities  are  allowed  to  form  in  packs  when  piled  up  for  drainage,  or  Avhen 
the  jSesh  of  one  side  comes  in  contact  w  ith  the  grain  of  another.  The 
>idei$  should  l)e  laid  grain  to  grain  and  flesh  to  flesh.  Here  again  wo 
>^  the  necessity  of  carefiil  assortment  before  arriving  at  tliis  stage. 
The  sides  should  not  be  exposed  to  air  and  light,  but  should  be  covered 
^th  canvas,  or  they  will  finally  become  darkened  so  as  to  produce 
?rait  discoloration.  (This  does  not  affect  the  leatlier  except  in  appear- 
ance.) WTien  dry  on  the  surfaces  the  air  may  impinge  upon  it,  but  not 
a  gtrong  light,  for  ita  free  admission  will  be  sure  to  darken  it. 

h*  sulphuric  acid  is  allowed  to  settle  on  the  grain  the  stains  produced 
^iU  remain  to  the  end ;  care  shoidd  be  taken  to  avoid  this. 
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3.  Chemical  defects. 

Black  rot. — If  stroiif^  warm  or  hot  liquors  are  run  from  the  leaches, 
either  by  "  mistake  or  ignorance,"  in  upon  '*  half-tanned  or  green  packs, 
'  black  rot'  is  almost  sui-e  to  result,  particularly  in  the  summer  season.^ 

The  damage  is  caused  by  the  decay  of  the  animal  fiber— actual  de- 
composition of  the  untanned  or  raw  hide.  The  external  appearance  of 
this  damage  api>ears  as  a  sinking  ii^  of  the  two  surfaces,  caused  by  a 
general  disturbance  of  the  central  tissues. 

"  When  decomposition  proceeds  still  ftirther  and  the  surfaces  break, 
l)artially  tanned  ^puss'  ("pus'')  exudes.  This  damage  has  been  prop- 
erly denominated  the  'black  rot'  because  ui>on  the  grain  side,  in  addi- 
tion to  the  'falling  away'  apjiearance  spoken  of,  the  surface  turns  black, 
showing  dark  or  black  spots  wherever  the  damage  occurs,  and  this  is 
generaUy  in  the  thickest  and  best  portion  of  the  Mde." 

White  spots. — These  cause  great  depreciation  in  sole  leather  These 
defects  are  attributable  to  imperfect  beam  work. 

The  hides  are  soaked,  milled,  and  sweated  within  a  week,  and  depi- 
lated, while  little  attention  is  paid  to  cleaning  the  grain  side,  thus  leav- 
ing grease,  which  resists  the  action  of  «tan  liquor.  This  should  be  re- 
moved in  the  beam-house.  Any  strong  alkali,  as  potash  or  soda,  appliecl 
to  these  spots  will  remove  grease  and  enable  the  grain  to  take  coloring 
and  tannin. 

"  These  spots  may  be  avoided  by  thorough  working  on  the  l>ea.m  nda 
by  using  a  strong  alkali  on  the  spots  afteeted,  which  may  be  discovered 
in  the  handlers  when  the  sides  have  been  colored  slightly." 

4.  Physical  defects. 

"  Old  (frain^  and  ^''hard  spot^t.'" — These  api>ear  when  the  hides  are  so 
tender  that  the  tanner  does  not  work  them  on  the  beam  imtil  absolutely 
soft  in  all  the  thin  parts,  for  fear  of  breaking  them. 

Knife  marks  or  scores. — ^These  are  made  on  the  flesh  side  by  the 
butcher  in  skinning  the  animal.  They  are  generally  not  deep  enough 
to  aflfect  the  grain.  They  make  thin  si)ots  or  lines,  and  when  cut 
through  they  are  known  as  "  gashes  "  or  "  scores."  Tlieir  position  and 
size  determine  the  damage  done  to  the  leather. 

Hook  marks. — These  are  produced  by  the  hooking  up  of  the  sides 
from  the  vats.  They  are  scratches  made  upon  the  grain  side.  It  is  a 
question  whether  sides  should  be  laid  flesh  or  grain  upwards.  If  flesh 
up,  there  is  danger  in  scratching  the  grain  in  "  hooking  up."  If  flesh 
down,  some  tanners  claim  that  the  color  is  afteeted  (especially  in  hem- 
lock tannages).  The  coloring  matter  in  the  tan-liquor  is  liable  to  settle 
on  the  grain  ,giving  it  "  a  deeper,  darker  red."  The  general  custom  is  to 
place  the  grain  side  up. 

Horn  marks. — These  are  caused  by  the  goring  of  other  cattle  when  a 
herd  is  inclosed  in  cattle-yards  or  ai'e  huddled  together  at  the  entrances 
of  gangw^ays  in  shipi>ing  to  markets  by  rail  j  they  are  also  made  on  the 
cars. 

Prick  marks  or  scratches. — These  are  produced  by  bnital  drovers 
punching  the  cattle,  when  down  in  the  cars,  with  sharp,  long-handled 
pricks  or  goads. 

Corral  scratches. — These  are  scratches  on  the  grain,  received  by  the 
cattle  when  imprisoned  in  the  large  inclosures  or  corrals  of  Texas,  Cali- 
fornia, and  the  Western  plains,  for  the  pur^wse  of  branding,  counting^ 
&c. 
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Bratids. — These  ai'e  geneniUy  frightftil  marks  on  the  hip  and  shoukler, 
made  by  the  owners  of  ro\ing  hercls  to  designate  their  property'.  They 
very  often  cover  a  square  foot  of  surface,  and  in  the  very  best  part  of 
the  hide.  They  destroy  the  value  of  half  the  side.  Their  i)re8ence 
should  immediately  reduce  the  liide  to  the  second  or  third  class,  even 
before  tanning.  The  only  arguments  that  can  be  offered  in  defense  of 
these  large  brands  are,  that  they  are  conspicuous  enough  to  be  seen  and 
leoognized  by  the  heixler  at  quite  a  distance,  and  that  in  case  the  cattle 
are  stolen  it  becomes  dif&cult  for  subsequent  brands  to  eradicate  the 
traces  of  the  first.  Branding  is  generally  confined  to  localities  where  the 
range  or  territory  is  occupied  by  a  kind  of  tenancy  in  common. 

Cfrubs. — ^By  this  term  are  know^n  the  larvse  of  the  Hypoderma  horin 
(DeGeer),  or  bot-fly  of  the  ox.  This  fly  is  a  dipterous  insect  of  the  fam- 
ily (E^ridWj  (Leach).  These  larvae  are  found  during  the  month  of  May 
and  in  the  summer  in  the  tumors  on  the  baeks  of  cattle,  and  when  fully 
grown,  which  is  generally  in  July,  work  their  way  oiit  and  fall  to  the 
ground.  They  exist  in  the  puparium  fix)m  26  to  30  days,  and  the  fly  ap- 
pears from  June  to  September.  This  species  is  found  all  over  the  civil- 
ized x>ortions  of  the  world.*  The  holes  left  in  the  hide  of  the  animal 
by  the  extrusion  of  these  larval  parasites  are  from  one  to  two-tenths  of 
an  inch  in  diameter,  and  are  always  found  near  or  along  the  back  line. 
Curriers  generally  fill  up  these  holes  when  finishing  the  leather,  but  an 
exjiert  readily  detects  their  presence.  These  holes  are  a  very  serious 
defect  in  a  side,  and  especially  so  as  they  occur  in  the  best  portion  of  it. 
They  are  fatal  to  harness-leather  and  belting. 

SECTIONS  OF  DIFFERENT  SOLE-LEATHER  TANNAGES.f 

Oak-tanned. — Section,  glistening,  marble  api)earence.  Color,  light 
brownish :  of  gram,  light  as  if  bleached  a  little. 

Hemlock-tanned. — Section,  glistening,  mottled.  Color,  reddiHli-brown ; 
of  grain,  dark-reddish  tinge. 

Union-tanned — 

1.  50%  oak  +  50%  hemlock. — Time  of  tanning,  5J  months.  Section 
similar  to  that  of  hemlock  leather — Jipparently  but  little  diftereuce. 
Leather  firm :  color  of  grain,  lighter  than  hemlock. 

2.  30%  oak  +  70%  hemlock. — Time  of  tanning,  5J  months.  Section^ 
dark  red.  Color,  darker  than  first  specimen.  This  tannage  produced 
oS  x>ounds  of  leather  to  100  pounds  of  green  hide. 

3.  15%  oak  +  85%  hemlock  (extract). — Time  of  tanning,  4J  mouths. 
Section  and  color  darker  than  above.  Leather,  57.58  pounds  to  100 
XM)unds  green-salted  hide. 

4.  70%  oak  +  30%  hemlock. — Time  of  tanning,  7  months.  Section, 
about  the  same  as  !m).  3.  Color  of  grain,  lighter  than  "So.  3.  This  tan- 
nage produced  (i6  pounds  of  leather  to  100  pounds  of  green-salted  hide. 

Extract  of  hemlock. — Time  of  tannage,  3  months.  Section,  dark  red, 
not  mottled.    Exterior  color,  very  dark. 

In  the  same  lot  was  found  hemlock  belting,  very  dark  in  color,  having 
a  woolly  section,  and  also  hemlock  sole  leather,  tanned  in  70  days,  whicli 
was  apparently  good. 

DRYING. 

Avoid  the  use  of  extreme  heat  in  drying  leather  after  stuffing.  Great 
heat  brings  the  heat  to  the  surface  and  gives  to  the  leather  a  harsh  feel- 

•Vide  PackanVs  **  Guide  to  the  Study  of  Insects." 

tTheue  set'tioiiM  were  taken  from  a  lot  of  samples  of  leather  on  exhibition  at  the  same 
time. 
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in^.  Exj)<)sure  to  light  (especially  to  the  direct  niys  of  tlie  sun)  and  to 
currents  of  air  in  drying  should  Iw  avoide<l ;  a  dark  color  will  be  the  i-e- 
sult  of  inattention  to  this  pitM*aution. 

OIL»S. 

Fish-oils  should  not  Ik*  used  in  stuffing.  They  make  the  leather  gum- 
my and  destroy  the  tiber.  Many  comuum  oils  are  often  used  on  account 
of  their  cheapness.  An  inferior  kind  of  resin  oil  is  sometimes  used  in 
iiuishing  collar-leather.  Eximsure  to  heat  causes  the  resinous  matter 
to  exude. 

The  writer  has  found  such  leather  not  only  disagi'eeable  to  handle, 
but  often  entii-ely  rotten  and  woi-thless. 

nARNESS-LEATHER. 

t 

This  leather  should  be  carefully  tanned  and  tinished.  It  should  be 
uniform  in  section,  smooth  to  the  tou(!h,  Avell  bhw.ked  on  the  grain,  and 
with  the  flesh  smoothly  shaved.  The  grain  should  not  bi'eak  when  the 
side  is  closely  folded  flesh  to  flesh. 

There  should  be  no  extrusion  of  grease  upon  the  surface  when  exposcnl 
to  the  heat  of  the  sun.  A  gummy  feeling  Avill  indicate  the  inferior 
quality  of  the  stutting  use<l  in  currying.  There  shouhl  be  an  entire*, 
absence  of  scrat<*hes,  hook-uuirks,  scores,  grub-Tioles,  "blaek  rot,^  and 
**  white  spots."    The  back  line  should  be  nearly  straight. 

Only  the  best  hides  and  those  most  uniform  in  thickness  should  be 
tanned  for  haniess-leather.    This  leather  shoidd  not  be  split. 

These  remarks  apply  equally  to  bridle-leather,  excejit  that  the  hit  tin- 
is  made  trom  thinner  hides  and  is  split.     • 

(UJAIN   LEATHER. 

(rrain  leather  split  from  fully  tanned  sides  is  jnactically  worthless* 
This  operation  is  sometiuu^s  resorted  to  by  tanners  who  have  a  stock  of 
such  leather  on  hand  for  whicrh  there  is  no  sale.  Sides  intended  for 
grain  leather  should  be  sx)lit  on  coming  out  of  the  first  layer.  Modern 
manuftvcturers  can  imitate  goat,  calf,  or  almost  any  other  skin. 

In  ordering  grain  leather  just  mention  the  kind  of  grain  desired, 
whether  coarse  or  fine,  as  the  external  api>earance  of  any  skin  can  be 
duplicated  indefinitely  Avithout  extra  cost.  Yer^^  thick  grain  leather  is 
more  ai)t  to  break  or  crack  than  thin,  (rrain  leather  should  be  free  ft'om 
brands,  scratehes,  horn  an<l  hook  marks  on  the  grain. 

The  middle  line  of  the  section  of  tliis  leather  should  be  lighter  than 
the  sides.  The  grain  shouhl  not  bi-eak  when  the  flesh  sid^^w  are  tightly 
folded  together  in  the  hand,  and  should  not  have  a  harsh  dry  fei*ling 
when  the  fingers  are  passed  along  the  folds,  nor  should  it  be  gummy  to 
the  touch. 

RUSSIA  LEATHER. 

^'Kussia  leather"  is  tanned  with  willow  bark,  which  gives  it  a  light 
lemon  color.  The  color  and  odor  are  after-x>roductions.  The  peculiar 
aroma  known  as  the  ^'Kussia-leather  smell''  is  given  to  the  leather  by 
the  use  of  "birch  tar''  in  currying  and  finishing.  This  aroma  is  entirely 
independent  of  the  thinning  process,  and  may  l)e  omitted  without  detri- 
ment to  the  leather.  The  best  genuine  "  Kussia  leather"  is  tanned  by  the 
Eussians  and  finished  by  the  Austrians.    To  Mr.  Jackson  S.  Schultz, 
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our  ('Ouimi.s8ioiicr  to  the  Vienna  Exposition  in  1873,  and  to  the  Hon. 
Mai'shall  Jewell,  our  minister  at  St.  Petersbiir*^,  l)elon^  eoiyointly  the 
honor  of  havinif  introduced  the  Russian  birch  tar  into  this  cx)untry. 

American  manufacturers  now  make  ''Russia  leather"  as  p:ood  as  the 
l^est  imported  article,  and  (jostinij^  nuich  less.  It  may  he  well  to  observe 
that  while  we  make  leather  as  ^<K)d  and  even  l>etter  than  the  imported 
"Russia,"  we  also  make  a  very  uuich  p<K)rer  quality  which  imitates  the 
penuine  article  so  closely  as  t4)  l>e  readily  sold  as  such.  Besides,  calf- 
skins, split  cowhides,  sheepskins,  and  even  japanned  paper  are  made 
up  and  sold  as  imitation  Russia  leather.  The  (lomestic  article  \n\\  prob- 
ably sn)>ersc»de  the  im[>orteil  l)efore  lonp;,  as  the  iniiwrtaticm  of  these 
^oo«ls  has  clecliuiHl  nearly  four-fifths  within  the  last  two  years. 

HEMLOCK   VEU.SrS   OAK. 

Since  the  introducticni  in  this  c^mntry  of  hendock  bark  as  a  tanning 
material,  there  has  been  a  contest  with  regard  to  the  relative  merits  of 
heml«M'k  and  oak  tannaj^es.*  In  this  contest  oak-tanned  leather  has 
always  held  a  stronj^  defensive  position,  bein^c  supported  in  its  a<*knowl- 
etige<l  excellence  by  old-time  usaj»e  and  stubborn  prejudice.  The  Eni^lish 
and  American  Ciovernments  have  always  rexpiired  oak  leather  for  their 
military  supplies.  Ask  the  official  representatives  of  either  of  these 
jjovenmients  why  they  cling  to  one  tannage  alone,  and  the  answer  will 
probably  be,  '*  \Ve  have  abrayn  roqiiirtd  oak  leather  for  the  'service.'" 
Tlie  irhy  is  left  unanswered.  It  is  tnu^,  oak  leather  having  stood  the 
test  of  many  generations  may  not  l)e  surjiassed  in  its  good  qualities  by 
any  other  tannage^  but  thequesticm  is,  "Can  it  be  equaled!"  Some 
exi)erts  couteiul  that  it  can  and  others  that  it  cannot.  But  neither  class 
can  poiut  to  an  exhaustive  series  of  experiments  and  trials  which  prove 
l)eyond  doubt  the  superiority  of  the  chemical  comi)osition  and  the  phys- 
ical properties  of  the  one  o>'er  the  other, 

Tlie  most  insuiierable  objection  to  hendock  leather  ai^iH^irs  to  l>e  the 
color.  If  the  color  should  be  tbund,  by  a  long  and  carefully -conducted 
trial  and  comi)arison  of  the  three  i)riuci})al  tannages  of  this  country,  to 
he  the  only  insurmountable  difficulty  with  the  hendock,  then  let  our 
educators  evolve  a  new  aesthetics  in  regard  to  the  cohu'  of  leather. 
There  are  objtH'tions  to  hemlock  leather  aside  from  its  color.  It  contains 
a  gummy  extractive  nuitter  which  hardens  with  age.  This  renders  sew- 
ing difficult  upon  sole  and  harness  leathers  that  have  been  kept  in  store 
for  an  indefinite  time.  8ometinu\s  hendock  sole  becomes  as  brittle  as 
gla^s.  In  doubling  up  harness-leather  (that  has  been  h)ng  stored)  be- 
tww'u  the  hands  the*  grain  will  often  crack  and  break.  The  hemlock 
leather  used  in  making  shoes  often  discolors  socks.  It  is  iu)t  so  smooth 
to  the  touch  as  either  union  or  oak  tanned  leathers.  It  is  estimated 
that  fr<nn  two-tliirds  to  eight-tenths  of  all  the  leather  tiinued  in  the 
Uniteil  States  is  hendock  leather.  Its  cheapness  will  always  maintain 
it*j  importanc^e.  It  is  ]>ossible  that  experiment  might  prove  it^  non- 
aiiaptability  for  harness  aiul  bridle  leather  or  that  the  tensile  strength 
wa«  affecte<l  of  those  and  other  leathers.  But,  at  the  same  time,  these 
exi)eriments  would  indicate  not  only  the  qualities  of  this  tannage,  but 
would  also  point  out  the  uses  to  which  it  could  advantageously  be  applied 
in  raanufactimng  supplies  for  the  government  service. 

Were  it  found  that  hemlock  leather  could  be  largely  utilized  in  sup- 
plying the  wants  of  the  government  incidentally,  and  those  of  the  i)eople 
and  ti'ade  generally,  a  Aigorous  and  mighty  stride  would  be  taken  in  the 

•By  tlie«H»  it  is  t<)  be  uiulerHtood  that  gcwwl  tannage^)  in  both  chhom  are  uieant. 
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right  direction  to  suppress  the  wholesale  and  often  wanton  destruction 
of  our  oak  forests.  In  regard  to  the  supply  of  the  United  States  service 
in  time  of  peace,  there  is  no  doubt  but  that  there  is  plenty  of  oak-taimed 
leather  to  meet  all  demands.  The  amount  required  is  too  small  to  excite 
a  moment's  attention.  But  in  case  of  a  war  of  any  magnitude,  when  it 
might  be  a  question  of  supplying  the  wants  of  1,000,000  men  or  more, 
the  case  is  very  different  indeed.  The  supply  of  oak  leather  would  not 
be  at  all  adex[uate  to  the  demand. 

In  such  an  emergency,  if  the  government  still  adhertni  to  its  custom 
of  receiving  nothing  but  oak-tanned  leather  (which  it  woidd  be  impossi- 
ble to  get,)  a  portion  of  the  tanning  interest  would  soon  find  a  way  to 
supply  the  increase<l  demand  by  '* doctoring"  hemlock  to  resemble  oak. 

The  more  conscientious  would,  j>erhaps,  present  a  mixture  of  oak  anil 
hemlock,  thrown  in  as  union  tanned. 

Imitation  oak  leather  can  be  mmle  to  defy  detection  by  even  an  ex- 
pert. 8uch  is  much  of  the  oak  leather,  even  now,  in  time  of  peace, 
foisted  upon  the  credulous  ignorance  of  our  officials  and  inspectors. 

It  is  not  the  intention  of  the  writer  to  become  an  advocate  of  any  par- 
ticular tannage ;  while  recognizing  the  gi^eat  excellence  of  pure  oak 
leather,  he  believes  that  goml  hemlock  and  union  tannages  will  not  only 
stand  tlie  test  of  exi)eriment,  but  will  be  capable  of  being  greatly  im- 
proved in  quality. 

A  cai*eful  deteiniiuation  of  the  relative  merits  of  the  dift'erent  tannages, 
arrived  at  by  intelligent  and  scientific  investigation,  would  be  of  great 
value  and  benefit  not  only  to  the  government  but  to  the  country,  since 
the  leather  interest  is,  in  importance,  second  only  to  that  of  agiicidtiu'e. 

Such  an  experimental  investigation  w^ould  necessarily  be  too  long  and 
expensive  for  any  private  firm  to  cany  to  a  successfiU  conclusion.  It  is 
only  under  the  auspices  of  the  government  that  it  could  be  sjitisfactorily 
conducted.  This  work  should  l>e  done  by  a  connnissioii  of  government 
officers,  civil  engineers,  and  intelligent  practical  tanners.  One  person, 
at  least,  of  the  numln^r  should  be  an  able  chemist. 

These  researches  should  not  be  confined  to  the  analysis  and  testing  of 
tanned  leather  alone,  but  shoidd  be  extended  to  embrace  the  tanning 
itself. 

This  Avould  require  the  <*ommission  to  have  access  to  some  large  tan- 
nery where  experiments  in  tanning  with  difterent  nmterials  could  be 
conducted.  By  doing  this  every  circumstance  attending  the  produc- 
tion of  ssimples  intended  for  future  experiment  could  be  noted  with 
fidelity,  accuracy,  and  intelligence.  Many  of  the  variable  elements 
which  might  i)roauce  discord  in  the  results,  and  cast  a  shadow  of  uncer- 
tainty over  them,  could  thus  be  eliminated.  The  experimental  tanning 
Avould  be  directly  under  the  superintendence  of  a  member  of  the  com- 
mission, w  ho  would  be  an  expert,  and  be  actuatwl  by  a  desire  for  tnith- 
ful  infonnation  and  unbiased  knowledge,  so  that  no  element  of  pariiality 
would  enter  into  the  investigation. 

ARMY  SHOES. 

The  soldiers  with  Avhom  the  w  riter  ha«  served  seemed  to  prefer  sewed 
shoes  to  pegged  ones ;  for,  in  marching  the  pegged  shoes  appeared  to  he 
stiff  and  unyielding,  soon  tiring  the  feet.  In  the  hot  sandy  deserts  of 
Nevada  and  Arizona  the  wooden  pegs  would  drop  out  after  getting  verj- 
dr>^,  and  the  sole  w^ould  become  sei)arated  from  the  in-sole  and  upi)er. 

Another  defect  wa«  noted  in  the  same  lots  of  shoes  referred  to,  and 
that  was  the  custom  of  filling  in  the  soles  with  paste-boaitl  and  scraps  of 
leather. 

As  soon  as  the  soldiers  would  wear  out  the  thin  sole  of  good  leather 
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(a  thinp:  whieli  would  often  occur  in  a  very  few  days  when  marching  over 
m68ae»  and  monntalns  covered  with  sharp  cutting-stones),  these  cuttings, 
scraps,  &c,,  would  drop  out,  leiiving  nothing  but  the  insoles  between 
his  feet  and  the  earth.  One  week's  marching  often  leaves  him  bare- 
footed upon  the  cactus  plains  and  deserts. 

Estabrook    &    Wire's  clinching  screws  have  been  used   in  TJ.  S. 
Army  shocA ;  these  screws  were  introduced  in  this  country  in  1868. 
This  firrew  is  made  of  brass  wire.    The  brass  is  made  and  tempered  ex- 
pressly for  this  purpose.    The  machine  for  making  this  screw  takes  wire 
from  two  cx>il8  and  cuts  160  screws  per  minute. 

The  screws  are  hand-driven.    The  point  is  so  formed  that  in  driving 
it  allows  the  screw  to  upset  or  shorten  "  and  take  up  the  settle  of  the 
^toek."    The  point  forms  a  sti^ong  "hook  clinch,"  which  is  imbedded  in 
the  in-sole. 
Tlemlot^k  soles  are  often  whitened  with  mineral  iicids. 

MISCELLANEA. 

**  A  i>erfect  leather  is  I'ecognized  by  its  section,  which  should  have  a 
gtistening,  marbled  appearance,  without  any  white  streaks  in  the  mid- 
dle." A  section  of  well  tanned  leather  will  present  (if  oak)  a  uniform 
brown  appearance.  If  badly  or  imperfectly  tanned  the  interior  portions 
will,  more  or  less,  resemble  rawhide.  When  poorly  tanned  leather  is 
nit,  the  section  has  not  the  glistening  api)earance  of  first-class  leather, 
hat  is  diill«  biiffy  looking,  with  white  or  whitish  mottling  or  streaks. 
When  leather  is  too  thoroughly  tanned,  t.  e.,  over-tanned,  there  is  no 
grain  lefb  to  buff,  nor  life  or  elasticity  to  the  fiber. 

^Leather  may  be  too  hard  as  well  as  too  softj  but  cannot  be  too  solid. 
Keeping  in  view  the  distinction  between  'hard'  and  'solid,'  the  reader 
will  understand  that  solid  leather  is  a  well-packed  fiber,  which  cuts 
'cbeeey'  and  smooth,  and  not  dry  and  husky,  as  much  ot  the  vitriol- 
raised'leather  cuts,  increasing  in  the  undesirable  qualities  with  age."  A 
dark  hraum  stratum  immediately  underneath  the  grain  indicates  the  use 
of  solphnric  acid  to  "raise"  or  "plump"  the  skin.  This  cannot  be  re- 
moved by  the  tanner.  "  Sweat"  leather  treated  with  acid  will  break  or 
fnek  by  close  folding. 

Hie  plumpest  leather  is  made  from  green  hides,  as  a  large  per  cent, 
of  gelatine  is  lost  by  curing  and  the  subsequent  operations  of  soaking, 
»w€atin|ir,  miUing,  &c* 

Leather  tanned  rapidly  with  a  saturated  solution  of  nearly  pure  tannin 
win  be  harsh  and  hard,  and  will  be  poorer  in  quality  than  that  tanned 
more  slowly  in  weaker  solutions  of  bark,  which  contain  a  greater  or  less 
amoont  of  vegetable  extractive  matter  that  unites  with  the  leather  in 
wring  proportions  in  slow  tannages. 

Dihite  solutions  only  should  be  used  in  tanning. 

The  time  employed  in  tanning  is  generally  too  short. 

Mineral  acids  for  bleaching  purposes  are  objectionable. 

All  alkalies  or  alkaline  earths  darken  or  tend  to  darken  the  color  of 
the  future  leather. 

**  Union  crop "  tanners  sometimes  use  sour  milk  for  bleaching  pur- 
poses. 

**  Doped  "  hides  are  green  hides  which  have  been  immersed  in  a  pit  or 
tank  ftUed  with  salt  and  water.  Hides  thus  treated  gain  two  or  three 
poands  each. 

One  hundred  pounds  of  green-salted  cowhides  give  from  40  to  50 
poiuids  dressed  leather,  or  from  50  to  60  pounds  of  sole  leather. 

Hides  for  patent  or  enameled  leather  are  tanned  whole. 
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Ste^r  hides  are  usually  used  for  eiianiele<l  leather.  They  should  be  of 
hir^e  spread  and  well  taken  off. 

Hides  from  the  tropics  do  not  make  as  g:ood  leather  as  those  of  tem- 
perate latitudes. 

Bull-hides  are  inferior  to  eith(?r  st<»er  or  eow  hides,  makiu<^  a  thiek, 
sponjjy  leather. 

Imitation  bu(*kskin,  collar,  and  sole  leather  are  made  fi'om  bison 
liides. 

The  skin  of  the  white  whale,  tanned,  makes  a  tine,  touj^h  upper 
leather. 

Lamb,  deer,  antelope,  and  pec(uiry  skins  are  ta lined  for  j^love  leather. 

Alligator  and  rattlesnake  skins  have  been  taniuMl  for  making  booths 
and  shoes. 

Walrus  skins,  when  tanned,  make  a  coarse,  sjmngy  leather,  from  lialf 
an  inch  to  an  inch  in  thickness,  used  for  buffing-rolls  and  for  covenng 
])olisliiiig- wheels. 

Boots  have  been  made  of  human  skin.  A  pair  made  from  human  skin, 
tanned  with  sumac,  had  uppers  of  a  iiisset  color. 

Splits  from  enameled  leather  are  wax-Hnished  and  sent  to  England. 

Splits  in  the  rough  are  sold  for  the  in -soles  of  shoes. 

"  Flesh  "  tinished  splits  make  cheap  shoes,  but  they  wx^ar  well. 

Ill  some  tanneries  the  scraps  from  the  currying-shop  are  made  into 
in-sole  leather  or  into  backs  for  horse-brushes. 

The  National  Leather  Comi)any,  of  Detroit,  by  f'harles  Richter's  pat- 
ent process,  can  get  calf-skins  from  the  hair  on  to  the  counter  in  20  days. 

Colored  leathers  are  made  by  the  use  of  analine  coh)rs. 

''A  perfect  oak  stain  can  be  made  Tiith  oxalic  iU'id  and  French  yeUow ; 
luld  as  much  water  a8  will  take  up  the  atad,  but  put  half  a  x>ouud  of 
French  yellow  to  a  gallon  of  water,  adding  a  of  (couple  ounces  of  siigiu* 
of  lead  to  make  it  strike  in  quicker.  The  leather  shoidd  he  thoroughly 
soaked  before  using  the  stain  on  it,  and  if  tlie  ^English  cndor'  for  sole- 
leather  is  wanted,  omit  the  French  yellow  and  use  instead  a  little  pipe- 
clay. 

Tannerine  is  a  chemical  i)re])araticni  designed  to  replaee  mine  in  pre- 
paring leather  for  cohunng.  It  is  said  to  give  iiermaneucy  and  brill- 
iancy to  the  most  delicate  colors,  and  to  be  free  from  the  ott'eusive  odor 
of  urine. 

The  Wilcox  tanneiy,  in  Elk  County,  Pennsylvania,  is  the  largest  tan- 
neiyiii  this  countiy,  and  the  largest  exclusively  st»le-leather  tannery  in  the 
world.  Its  pr(Kluction  for  several  years  past  has  been  about  2(K),<KK> 
sides  of  henilwk  sole-leather.  i>er  annum.  >Vxt  to  this  comes  the  Eagle 
Valley  tannery,  at  Kidgway,  Pa.,  tanning  150,(K)0  sides. 

Leather  board  is  manufactured  in  the  United  States  as  a  substitute  for 
leather. 

Leatherette  is  a  substance  resembling  morocco  leather  so  closely  that 
few  persons  are  able  to  distinguish  the  difference.  It  is  luanufacturtHl 
in  England,  and  is  composed  of  tibrous  felt,  grained  and  iinished  to  imi- 
tate pcbblis  strait  grain^  patent  leather,  or  any  other.  It  is  cohn'ed  to 
reseml)le .  moro<*co,  and  is  used  for  book-binding,  belts,  boxes,  XKH*ket- 
books,  and  hat-linings.  The  cost  is  50  jx^r  cent,  less  than  any  <»ther 
material. 

Artificial  leather  is  made  from  leather  cuttings,  India  rubber,  and 
aqua  ammonia.  The  cuttings  are  cleansed,  put  into  a  machine  and 
worked  into  a  tibrous  mass,  then  mixed  with  ammonia,  after  which  the 
gelatinims  material  is  juessed  into  molds  or  rolled  into  sheets  and  dried. 
The  material  is  now  hard,  non-elastic,  and  solubU*  in  water. 

The  India  rubber  is  washed,  dried,  disvsolved  in  oil  of  turi>entine  or 
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some  similar  solvent  mixed  with  aininouia,  and  then  thoroughly  incor- 
porated with  the  leather  ma88.  When  the  mixture  becomes  homoge- 
DeoQS  it  is  either  pressed  into  molds  or  rolled  into  lengths  and  dried ; 
while  drying  it  is  subjected  to  progressive  pressure.  That  intended 
for  the  soles  of  boots  and  shoes  re(^ives  the  greatest  amount  of  pressure. 
It  is  then  dyed  or  glazed  to  imitate  natural  leather.  The  tirmness  and 
durability  of  this  material  are  of  a  doubtful  character. 

Vegetable  leather  is  l>eing  introduced  as  a  substitute  for  leather.  It 
congigts  of  cotton  or  cott<m  waste  and  dust,  cocoanut  fiber  and  other 
textile  products,  carded  into  sheets  of  wadding  and  treated  to  saturation 
wifli  a  decoction  of  a  certain  species  of  marine  moss  that  is  abundant 
along  the  coast  of  New  Englaiid.  The  sheets  are  i)laced  upon  heated 
zinc  platen,  saturated  as  above  stated,  dried,  Kubje<»ted  to  heavy  i)ress- 
ure  imder  rollers,  coated  with  linsee<l-oil,  and  dried  again.  Tliey  are 
then  coated  with  vegetable  wax,  run  through  hot  tiuted  i-ollers,  and  ftn- 
bshed  by  paAsing  between  polished  roUers. 

It  is  bronzed,  silvered,  and  varnished,  and  is  said  to  be  a  good  sub- 
!<tittite  for  leather  in  fabricating  harness,  military  equipments,  cannag(», 
table,  and  chair  covers.     It  may  be  used  in  bcwk-binding. 

Appendix. 

Ta  n  n  ing  m  a  teriah. 

Oak  bark, — The  tannin  or  tannic  acid,  use<l  to  prepare  leather  from 
the  skins  of  animals,  is  f<mnd  in  the  bark  of  the  various  species  of 
(fuervwf.  The  l)ark  obtained  from  the  oak  tree  has  long  been  most 
extensively  UHcd  for  tanning.  The  bark  should  be  stripped  fix)m  the 
tree  in  the  spring,  as  it  then  contains  a  much  larger  quantity  of  tannin 
than  that  taken  from  the  tree  at  any  other  time  of  the  year.  The  oak 
l«rk  used  for  tanning  purposes  on  the  Pacific  coast  is  obtained  from 
the  chestnut  oak ;  tlie  piincipal  supply  coming  from  Santa  Clara  and 
Xeodocruio  Counties,  that  from  Gilroy,  in  the  former  county,  being  moi'e 
highly  prized.  The  best  bark  is  stripped  from  thrifty  trees,  about  two 
f«;t  m  diameter.  After  stripping,  the  bark  is  stacked  under  cx)ver  to 
<lry,  for  if  rained  upon  a  portion  of  the  tannin  Mvill  be  washed  out  and 
l<te5t.  When  dry,  it  is  ready  for  sale.  The  dry  bark  is  ground  in  a 
Wk-mill,  in  order  that  the  tannic  acid  may  be  more  easily  extracted 
when  the  bark  is  put  in  the  vats. 

Imdia  gambler. — ^This  substance  is  extracted  from  the  leaves  of  a 
^pnries  of  acacia,  a  shrub  or  bushy  tree,  grown  from  slips  or  cuttings 
*  n  plantations  in  the  island  of  Singapore  and  on  the  mainland  o])])osite. 
^Tien  these  bushes  are  two  or  three  years  old  the  leaves  are  strix)ped 
off  and  boiled  to  extract  the  gambier;  this  is  reduced  to  the  consistency 
«f  .linip,  and  the  leaves  are  raked  out  and  the  water  is  evaporated  by 
facing  it  in  pans  and  exposijig  it  to  the  heat  of  the  sun.  Tlu»se  x)ans 
•»f  gambler,  when  dry  enough  to  handle,  are  cut  into  cubes,  sacked  and 
M-nt  to  Singapore,  where  the  cuIm\s  are  pressed  into  bales  varying  from 
-4<>  to  2kUy  iK>unds,  covered  with  mats,  and  are  then  ready  for  ship- 
niHit,  Gambier  thus  prepared  is  a  tough,  ins])issated  nms>s,  with  a 
:nitty,  gray  fracture,  and  a  very  astringent  taste.  Tin*  shrub  exhausts 
the  wiil  where  grown  in  about  five  or  six  years. 
Sumach  is  a  jilant  belonging  to  the  genus  lllufs, 

Siciiy  Humaeh. — The  variety  known  in  the  market  ns  Sicily  sumach  is 
im]N>rted  from  Italy,  Sicily  and  the  other  Italian  islands,  and  is  (ex- 
tensively used  for  the  pi-oduction  of  bright  leathers  both  by  tann(»rs 
ami  ctirriers.  It  is  ijni)orted  in  a  i)ulverulent  state,  in  sacks  of  11*0  pouuils 
i*ach,  and  i>ossesses  a  much  lighter  color  than  Virginia  sumach.     It  is 
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used  ou  the  Pacific  coast  chiefly  for  tauuin^  "skirting,"  a  light-colore^l 
leather  used  for  makiug  saddle-skirts  and  saddles,  and  gives  great 
uniformity  of  color  and  a  much  softer  toning  to  the  leather  than  oak 
bark. 

American  sunmch  is  indigenous  to  a  belt  of  country  extending  from 
Maryland  through  Virginia  and  the  Carolinas,  thence  through  the 
northern  sections  of  Georgia,  Alabama,  Mississippi,  and  in  parts  of 
Kentucky  and  Tennessee ;  also  found  in  large  quantities  in  New  York  and 
Pennsylvania,  but  the  northern  climate  apjiears  too  cold  to  develop  the 
tanning  properties  of  this  plant. 

Virginia  sumach, — Virginia  takes  the  lead  in  producing  sumach, 
where  great  care  is  taken  in  selecting  and  grinding  it.  The  gathering 
season  begins  about  July  Ist  and  ends  with  the  first  frost,  which  turm* 
the  leaf  red,  rendering  it  worthless.  The  strength  is  in  the  leaf  and  leaf- 
stem.  It  is  sold  in  sacks  of  120  pounds,  each,  is  of  a  gray  color  and 
pulverized,  and  is  much  used  in  tanning  calfskins.  It  makes  a  softer 
leather  than  any  other  tanning  material,  and  is  much  used  in  the 
l)roduction  of  bright  leathers. 

Valonia. — ^This  is  the  product  of  the  great  prickly-cupped  oak.  This 
tree  grows  in  Turkey,  the  Morea,  the  Levant,  Italy,  and  the  Italian 
islands.  The  acoms  with  the  cups  attached  are  imported  in  sacks  of 
200  pounds  each,  which  are  ground  in  the  bark-mill.  They  are  of  a  yel- 
lowish color.    The  cups  conte.in  an  abundance  of  tannin. 

Prices  of  tanning  materials. 

Coin. 

Oak  bark,  chestnut  oak,  from  Santa  Clara  County,  California $17.25    per  cord. 

Oak  bark,  chestnut  oak,  from  Mendocino  County,  California 15.25    per  cord. 

Sumach,  Sicily $115.00'®  125.00   per  ton. 

Sumach,  Virginia 45.00  *»    90.00   per  ton. 

Gambier,  India 07|  per  lb. 

Valonia 08^  per  lb. 

Oil,  n^atVfoot 95   per  gal. 

Oil,  polar  (sperm  oil) 66   jter  gal. 

Oil,  tanner's  (common  whale-oil) 52^^  per  gal. 

OILS. 

Below  are  given  the  most  important  oils  used  in  thinning  and  curry- 
ing, together  with  their  prices.  Of  course  these  prices  vary  with  the 
fluctuations  of  the  market,  but  they  will  serve  as  a  relative  standard  of 
value: 


Nomenclature. 


Oil,  winter  sperm,  bleached 

Oil,  winter  sperm,  natural  color 

Oil,  neat*»-foot,  pressed,  extra 

Oil,  neatVfoot,  crude,  pure 

Oil,  neat's-foot,  second  ciuality 

Oil.  winter  black-fish,  blea<.'hed 

Oil,  winter  black-fish,  natural  color 

Oil,  sea-elephant,  refined 

Oil,  sod,  £uglish 

Oil,  sod,  American 

Oil,  Newfoundland  cod 

Oil,  straits 

Oil,  bank 

Oil,  fish,  pressed,  bleached 

Oil,  fish,  pressed,  natural  color 

Oil,  Delaware 


Price  per 
gallon. 

$1  75 

1  65 

$1  15  '9  1  20 

1  05 

85 

95 

m 

75 

70 

60 

65  ^     68 

55  'S)      65 

45  fa>     55 

4H 

42 

40 
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Colon  of  oiU. 


Kinds  of  oiL 

Color. 

Remarks. 

Oil oeatVfoot.  preesed  .........*.. 

Liflrht  straw 

Very  olear. 
Very  clear. 
Very  clear. 

Oii  neaf s-foot.  No.  1 

A  shade  more  yellow  than  above. . 

Yellow ;  darker  than  above 

Still  darker 

OiLnnn.  atnffinir.  ^.,,,--^,,, ,..,,, 

OiL RHB. fiaiahinflr 

Oil  irinter  black-nah,  bleached 

Colorless -.---.. 

Clear. 

CnLfiih,  refined... 

Reddish- vellow  .................. 

Oil,  sna^phant,  winter,  bleached. . 
OiL  speim,  natural  color 

Straw 

Dark  straw 

Oil,  Tbale,  natural  color 

Dark 

Oil,  whale,  natural,  viririn 

BhMsk 

^^, parafiinf^ 

Dark 

Oii.  iwtl.  refined  ................... 

Colorless. 

Oil  cod 

Almost  black 

OilrtrtitB 

Almost  black 

Oil  «)d,  refined 

Clear. 

PriceB  of  leaikeTf  how  packed,  and  ordinary  u$eB, 


Ea^gfleaiher. 


LSok 

5 


1 

fC«Oar 


•  Tu........ 

tlMkh 

»  Tnak 


-  "Jill... 
|1  !4iitiiij( 


U&fo. 


lifrlfcmi 

llBrhiM.... 

n  CdfiJte 


No.  of 

■ides  per 

it>lL 


Average  selling  piioe  in 
coin. 


10 
10 

12 

ao 

12 

12 
12 
12 
12 
12 
25930 
12 
15 
12 

12 


12 
(Ught) 
(Heavy) 


24  cents  per  pound 

32  cents  per  pound 

#4.50  per  side 

17  cents  per  square  foot. 

18  cents  per  square  foot. 


.do 


16  '9  20  cents  per  square  foot 
15  cents  per  square  foot. . 

17  cents  per  square  foot. . 

do 

30  cents  per  pound 

35  centJi  per  pound 

17  cents  per  square  foot. . 
25  cents  per  side 


10  oenta  per  square  foot. .. 

Varies 

80  cents  ^9  $1 .05  per  pound , 

7  cents  per  pound 

9  cents  per  pound 


Ordinary  uses. 


Soles  for  boots  and  shoes  and  making  tmnka. 

Making  harness. 

Bridles,  light  hamesa,  and  ooveiing  aaddlaa. 

Collars. 

Men's  gaiters,  boots,  and  all  cheap  shoe- 
factory  work. 

Fishermen's  boots  and  oaniage-tops. 

Brosans  and  all  coarse  work. 

Ladles'  gaiters  and  shoes. 

Men's  coarse  boots,  Sec. 

CoTering  trunks  and  Talises. 

Broflcans  and  cheap  shoes. 

Sadme-skirts  and  saddles. 

Latigos  and  apan^os. 

Lacing  belts,  smiths'  aprons,  for  sewing  col- 
lars, aparc^jos,  Sco. 

Makiiw  bellows. 

Belts  for  machinery  (sold  per  running  feet). 

Making  fine  boots  and  shoes. 

For  tanning. 
Do. 


GLOSSARY. 

IhnHng, — See  Bating. 

^$tane, — A  scouring  stone  curved  to  fit  the  beam  or  inclined  rest 
<^th«  beam-house,  and  used  to  8crax)e  the  skins  after  taking  them  from 
tfc  maimre-vats.    (Fig.  23.) 

Bntihg. — Is  steepmg  the  hides  in  a  lixivium  of  hen-manure  after  com- 
ics oat  of  the  lime-vats.  This  process  tends  to  separate  the  lime,  oil, 
^}  glatinons  matter,  and  to  make  the  skins  pliant,  porous,  and  ready 
to  imbibe  the  tanning  principle. 

^rk-milL — A  mill  used  for  grinding  and  pulverising  oak  bark, 
^fenia,  &c.     (Fig.  21.) 

&a«. — ^Tliis  consists  of  a  heavy  block  of  wood,  upon  which  the  cur- 
n^r  ^nds ;  into  one  end  is  mortised  or  hinged  a  stiff  piece  of  wood, 
^*o^  with  a  piece  of  light  wood,  to  which  is  glued  a  plate  of  mahogany 
^  lignum- vitie.  The  face  of  the  plate  must  be  a  perfect  plane  to  agree 
'Tth  the  edge  of  the  currier's  knife  in  sha^ing.  The  inclination  of  the 
^m  depends  on  the  convenience  of  the  operator,  who  holds  the  leather 
^^pi«88ing  it  against  the  beam  with  his  legs  and  body.    (Fig.  18.) 

6  0BD 
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Blacking  (for  Tiamess  and  bridle  leather  J, — ^A  decoction  of  iron-rust 
and  vinegar,  or  iron-ruat  and  sour  wine  or  sour  beer^  applied  to  the 
grain  side  ot  the  leather  after  it  has  been  stained.  The  vinegar  solution 
is  the  best.  After  this  application  the  leather  is  said  to  be  blacked  on 
the  grain. 

Blacking  (for  wax  leather), — ^A  compound  of  lampblack  and  soft 
soap,  laid  on  flesh  side  with  a  brush.  The  skin  is  now  said  to  be  blacked 
on  the  flesh,  ot  waxed. 

Bloom. — ^A  yeUowish  deposit  upon  the  grain  side  of  a  hide  or  skin 
derived  from  the  bark  used  in  tanning.  Its  ease  of  removal  depends 
upon  the  hardness  of  the  water  used  by  the  tanner.  The  softer  the 
water  the  more  readily  can  the  bloom  be  removed. 

Bruising, — Doubling  grain  side  of  a  hide  together,  and  rubbing  it  on 
the  flesh  with  a  graining-board. 

Boarding. — ^Doubling  the  leather  with  the  flesh  sides  together,  ami 
driving  the  fold  forward  and  drawing  it  backwanl  by  the  graining- 
board.    It  makes  the  leather  supple  and  raises  the  grain. 

Buffing. — ^Taking  off  thin  shavings  from  the  grain  side  with  a  buflin^- 
slicker  until  the  skin  is  very  thin;  the  object  being  to  make  co whit le 
imitate  calfskin.    The  operation  is  finished  by  whitening. 

Clamp. — A  wooden  bench-screw,  carrying  two  checks,  used  to  pre- 
vent the  leather  from  moving  during  the  oi)eration  of  stoning  or  slick- 
ing..   (Fig.  11.) 

Clearing-stone. — ^A  fine  pebble,  used  to  remove  from  the  currier's  knife 
the  scratches  made  by  the  mb-stone.  The  Scotch  gray  and  Welsh 
clearing-stones  are  generally  octagonal  in  form,  four  inches  thick  and 
fit)m  six  to  eight  inches  long. 

Cork  arm-board. — A  graining-board,  made  of  the  outer  or  dead  bark 
of  the  cork-oak.    It  has  no  grooves.    (Fig.  5.) 

Currier's  knife. — ^This  is  p»  double-edged  rectangular  knife,  about 
twelve  inches  in  lengtii  and  five  inches  in  width,  with  a  straight  handle 
at  one  end  and  a  cross-handle  at  the  other,  the  axes  of  both  being  in 
the  plane  of  the  blade.  This  knife  is  the  most  important  tool  used  by 
the  currier.  The  blade  is  a  plate  of  steel  careftdly  and  peculiarly 
tempered,  and  is  ground  to  a  straight  edge  by  rubbing  it  forward  and 
backward  upon  the  rub-stone.  Qlie  scratches  left  by  the  latter  are 
removed  by  rubbing  on  a  fine  Scotch  or  Welsh  clearing-stone,  which 
leaves  a  wire  edge.  The  edges  are  then  wiped  dry  and  oiled.  The 
workman  now  takes  a  turning  steel,  and  by  rubbing  it  carefriUy  frt>in 
end  to  end  the  edge  is  gradually  turned  completely  over.  To  keep  it  in 
this  condition  requires  the  greatest  skill,  as  it  cannot  be  used  more  than 
a  minute  without  losing  its  keenness.  To  restore  this,  the  point  of  a 
small  steel  (finger-steel)  is  first  run  along  the  groove  formed  by  turning 
the  edge  over,  and  then  the  steel  is  made  to  pass  along  outside  the 
edge.  When  used^  the  plane  of  the  knife-blade  is  held  ahnost  perx)en- 
dicularly  to  the  skin.    (Fig.  1.) 

Dampened — Damped. — ^To  moisten  the  leather  with  a  wet  sponge,  in 
order  to  make  it  dry  evenly.  When  hides  are  dry,  they  must  always  be 
dami^ened  previous  to  skiving  or  shaving. 

DuMnng  or  Daubing. — 8ee  Stuffing. 

Finger-steel. — ^A  carefnUy-preparcS  instrument  used  for  restoring  the 
edge  of  the  currier's  knife  while  in  use.    (Fig.  7.) 

Flattening. — Same  as  shaving,  except  in  some  cases  the  skin  after 
skiving  is  shaved  across  (t.  6.,  nearly  at  right  angles  to  the  skiving),  and 
then  flattened  by  being  shaved  again  in  the  same  direction  as  the  skiv- 
ing. 
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FleAer — JPleshing-hnife. — ^A  long  two-handled  and  somewhat  blunt- 

f^lgHl  knife,  curved  to  fit  the  sloping  rest  of  the  beam-house.    Its  cross- 

!<K-rian  is  oon<5ave  downward.    It  is  used  to  scrape  off  the  hair,  scarf- 

<kiu,  loose  flesh,  and  cellular  tissue.    (Figs.  3  and  20.) 
Flecking. — This  oi)eration  is  performed  in  the  beam-house.    The  hair  is 

scraped  off  the  hide,  the  loose  and  adherent  flesh  removed,  together  with 

lime  and  dirt,  by  a  two-handled  knife,  called  the  flesher,  curved  to  flt 

ike  convex  surface  of  the  inchned  beam. 
FltA  tide. — ^The  side  of  a  skin  or  hide  next  the  animal's  flesh. 
Giammg. — Smoothing  and  polishing  a  side  of  leather  by  means  of  a 

plate-glass  slicker,  or  a  glassing-jack. 
QUumng-jack. — ^A  machine  driven  by  steam-power,  to  which  is  fitted 

a  plate-glass  slicker,  for  smoothing  and  polishing  leather.    (See  Jack.) 
Graimng— Consists  in  giving  to  the  leather  a  granular  appearance 

npon  the  grain  side,  by  either  the  graining-board  or  the  pebbling-ma- 

chine. 

Grttining-board. — ^A  rectanular  piece  of  wood,  with  the  upj)er  surface 
a  plane;  the  lower  one  is  convex,  and  fluted  with  x)arallel  grooves,  which 

nm  perpendicular  to  its  length.    A  leather  strap  attaches  it  to  the  hand 
or  arm-    The  grooves  are  coarse  or  fine,  as  occasion  requires. 

Grain  Hde. — ^The  side  of  a  hide  or  skin  irom  which  the  hair  has  been 
remoTed. 
HmMers, — Same  as  stringers. 

EsniUng. — ^Taking  the  sides  out  of  the  vats  into  the  air,  smoothing 
them  oat  and  piling  them  together  on  one  side  to  drain,  after  which 
they  are  retnmed  to  the  stringers.  Each  time  they  are  handled  they 
are  pat  back  into  a  stronger  ooze. 

Jads. — The  jack  is  a  machine  to  which  may  be  fitted  a  steel,  glass,  or* 
li|[iiBm-vitse  slicker,  a  Walpole  SGOuring>stone,  or  a  pebbling-roller,  ac- 
oirding  as  the  leather  is  required  to  be  flicked,  smoothed,  polished, 
stoned,  or  jiebbled.    It  performs  these  operations  more  quickly  ana 
t'frdively  than  they  can  be  done  by  hand,  and  with  less  expense. 

JmA  vat, — ^This  is  a  large  vat,  into  which  is  pum])ed  the  tan-liquor  or 
<M»e  which  has  been  deprived  of  a  great  part  of  its  strength  in  the  layers. 
Thin  hquor  is  again  utilized  by  being  pumped  into  the  stringers,  where 
weak  ooze  is  required. 

lMffer9 — Lay-aways. — ^These  are  vats  or  pits  in  which  the  sides  are 
laid  away  or  stratified  with  ground  oak  bark  after  coming  out  of  the 
i^triagersl  The  sides  are  laid  flesh  down,  to  prevent  the  hook  scratching 
the  grain  in  taking  out.  The  layers  contain  the  strongest  infusion  of 
oakhark. 

Ummg, — ^The  process  of  immersing  the  fresh  hides  in  vats  containing 
ouBk  of  lime. 

JfiQ^ — Is  a  large  wooden  drum  or  cylinder,  about  eight  feet  in  diam- 
eter, ^id  four  feet  in  height,  water-tight,  and  having  large  wooden  pins 
pngeedng  radially  from  the  interior  concave  surface  toward  its  horizon- 
tal shaft.  Near  one  end  of  the  drum,  and  exterior  to  it,  is  a  small  iron 
pinkm,  whose  shaft  is  parallel  to  the  shaft  of  the  cylinder,  which  engages, 
the  eogs  upon  the  circumference  of  the  drum,  causing  it  to  revolve  from 
tight  to  twenty  times  i>er  minute.  The  pinion-shaft  is  put  in  motion  by 
a  belt  connected  with  shafting.  The  mill  is  used  for  stufling  light 
leather  and  for  various  other  purposes.  After  stoning,  skiving,  and 
«)ttving,  the  sides  are  quite  haM,  and  are  put  in  the  mill  with  some  tan 
Ikpior  to  soften  them  and  to  make  them  porous.  In  stuffing,  a  charge  of 
jiboat  twenty  sides,  more  or  less,  is  put  in  the  mill,  with  the  proper  amount 
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of  dubbing,  and  it  is  then  set  in  motion  for  fifteen  or  twenty  minutes, 
when  the  milling  is  completed.    (Fig.  26.) 

Moan  hni/e. — A  circular  knife,  ten  or  twelve  inches  in  diameter,  having 
a  roimd  four  or  five  inch  hole  in  the  center  to  introduce  the  hands  in 
working  it.  It  is  concave,  presenting  the  form  of  a  conical  zone.  The 
concave  part  is  applied  to  the  skin.  The  edge  is  turned  over  a  little  to 
prevent  it  from  entering  too  far  into  the  leather.  It  is  used  for  shaving 
off  the  coarser,  fleshy  parts  of  the  skin.    (Fig.  4.) 

Ooze. — ^This  is  an  infiision  of  oak-bark  or  other  tanning  material  with 
which  the  vats  are  filled  for  tanning  leather.  The  strength  of  the  ooze 
is  usually  determined  by  the  astringency  of  the  taste  of  the  liquor.  The 
barkometer  (Fig.  9),  a  kind  of  hydrometer,  is  sometimes  used.  But  lit- 
tle reliance  can  be  placed  upon  its  indications,  as  the  ooze  contains  other 
soluble  ingredients  besides  tannin,  which  affect  its  specific  gravity. 

Pebbling — Is  done  by  passing  the  side  of  leather  through  a  i)ebbling- 
machine,  which,  by  means  of  a  metallic  roller  having  its  cylindrical  sur- 
face covered  with  indented  reticulations,  stamps  a  grain  upon  it. 

Pebibling-machine. — ^Attach  a  pebbling-roUer  to  the  jack,  and  it  consti- 
tutes this  machine. 

Polar-oil. — ^The  best  quality  of  8i)erm-oil. 

Polishing-jacJc. — A  machine  armed  with  a  lignum-vitte  slicker ;  used 
for  polishing  leather  when  considerable  pre^ssure  is  required. 

Rolling-mill. — ^A  small  brass  roller,  driven  by  steam-power  and  pass- 
ing over  a  concav^e  bed  covered  with  brass,  to  which  any  degree  of  prox- 
imity may  be  given  by  a  system  of  comi)ound  levers,  thus  giving  any 
desired  pressure.    It  is  used  for  rolling  sole  leather. 

Rosin-oil. — Common  oil.  A  compound  of  melted  rosin  and  linseed- 
oil. 

Rub-stone. — ^A  block  of  sandstone  placed  on  a  strong  trestle  of  a  con- 
venient height,  upon  which  the  currier  rubs  and  sharpens  his  knives 
and  other  tools.  The  upper  surface  should  be  a  i>erfect  plane.  Those 
made  of  Nova  Scotia  sandstone  are  cylindrical,  about  eight  inches  in 
diameter  and  one  foot  in  length. 

Scouring  on  the  flesh. — On  being  taken  out  of  the  water  the  skins  are 
spread  out  and  set  on  the  scouring-table  by  passing  a  steel  slicker  over 
the  flesh  side,  which  brings  the  grain  in  close  contact  with  the  table, 
and,  l)eing  wet,  it  adheres  to  it.  A  bountifiil  supply  of  water  is  applied 
and  rubbed  briskly  over  the  flesh  side  with  a  stift"  brush,  whereby  the 
pulpy  portions  of  the  surface  are  scrubbed  off*,  and  the  skin  presents  a 
soft  whitened  api)earance  and  the  pores  are  opened. 

Scouring  on  the  grain. — The  skin  is  set  on  a  scouring-table  by  a  slicker, 
which  stretches  it  and  at  the  same  time  loosens  the  bloom.  The  grain 
side  is  kept  uppermost,  and  is  smartly  brushed  with  a  stiff  hair  brush, 
using  at  the  same  time  plenty  of  water,  when  the  slicker  is  again  used 
to  remove  the  water  and  loosened  bloom.  A  stock-stone  is  often  used 
instead  of  the  slicker  to  loosen  the  bloom. 

Scouring-table. — ^This  is  a  large  firmly  built  table,  with  a  mahogany 
bird's-eye  maple  top  (sometimes  the  top  is  of  slate  or  marble) ;  it  is  about 
twelve  feet  long  and  four  feet  wide,  so  constructetl  that  the  water  used 
in  scouring  may  pass  oft'  readily  upon  the  side  oi^posite  to  that  on  which 
the  workman  is  engaged. 

Set^  Set  out. — ^To  set  a  side  of  leather,  it  is  spread  upon  the  table  or 
stone  when  wet,  and  is  smoothed  out  on  it  by  the  vigorous  use  of  the 
slicker,  and,  owing  to  its  wet  condition,  the  air  is  easily  excluded  from 
imder  the  leather,  and  it  sticks  to  the  table.  A  thin  layer  of  oil  will 
seive  the  same  puiiwse. 
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Shaving. — ^In  this  ojieration  the  carrier's  knife  is  often  driven  from  the 
top  to  the  bottom  of  the  beam,  thns  taking  off  shaving  after  shaving, 
removing  all  the  inequalities  len;  after  skiving,  and  making  the  leather 
of  uniform  thickness,  also  leaving  a  beautiful  smooth  face  on  the  flesh 
side.  This  o}>eration  is  often  called  flattening.  The  shaving  or  flatten- 
ing is  done  ahnost  at  right  angles  to  the  skiving. 

Short-hair  knife. — ^A  keen-edged  knife  used  in  the  beam-house  to  re- 
move short  hairs  (new  growth)  from  the  hides.    (Fig.  8.) 

Sizing. — ^A  paste  made  of  flour,  soap,  beeswax,  a  little  linseed-oil  and 
water.  It  is  applied  to  the  grain  side  with  a  sjionge.  It  Alls  the  pores 
and  serves  to  give  a  smooth  finish  to  the  leather. 

Skiving. — The  skin  m  laid  over  the  beam  and  the  rough  fleshy  jwrtion 
is  shaved  ofl'  by  the  currier  driving  his  knife  obliquely  a  few  inches  at  a 
time,  and  keeping  the  right-hand  handle  of  the  knife  slightly  in  advance 
of  the  left-hand  one  in  the  downward  motion. 

Slicker^  steel. — ^A  rectangular  piece  of  steel  about  five  inches  long. 
The  edge  is  also  a  rectangle,  and  is  8hari)ened  u^ion  the  rub-stone  by 
grinding  it  perpendicularly,  and  then  upon  each  side,  producing  thus 
two  edges  (or  rather  right  angles)  by  which  the  leather  is  8crai)ed  in- 
stead of  being  cut.  It  is  used  to  remove  excess  of  water,  oil,  etc.,  from 
leather.  Its  applications  are  various.  It  has  a  handle  like  that  of  a 
stock-stone.    (Mg.  12.) 

Slicker^  glass  or  Itgnum-vitce. — ^These  are  similar  in  form  and  dimen- 
sions to  the  steel  slicker,  but  the  blades  are  made  either  of  thick  plate- 
glass  or  lignum- vitae.  The  edges  are  rounded  instead  of  being  rectangu- 
lar.   They  are  chiefly  used  to  smooth  out  and  polish-leather.    (Fig.  14.) 

SUckeTj  buffing. — ^This  has  a  narrower,  longer,  and  very  mucn  thinner 
blade  than  the  others.  Its  edge  has  an  acute  angular  longitudinal 
groove  running  along  it,  thus  forming  two  very  keen  cutting  edges, 
which  are  kept  in  proper  condition  by  the  finger-steel.  It  is  used  by 
placing  one  edge  and  the  stock  flat  upon  the  leather,  the  latter  being 
stretched  ui)on  the  table,  and  forcibly  pushing  it  forward,  taking  off 
thin  shavings  from  the  grain  surface.  When  one  edge  is  dulled  the 
slicker  is  turned  over  and  the  other  side  used  until  it  loses  its  edge, 
when  the  finger-steel  must  again  be  brought  into  requisition.    (Fig.  25.) 

Slicker^  whitening. — This  instrument  has  almost  the  same  form  and 
dimensions  as  the  bufftng-slicker  (which  see),  but  instead  of  a  re-entrant 
angle  along  the  edge,  it  has  a  very  narrow  rectangular  one,  whose  an- 
gles are  kept  sharp  by  the  finger-steel.    (Fig.  25.)    See  Whitening. 

Slicking. — ^For  this  the  slicker  is  used.  The  latter  scrapes  the  leather, 
removing  superfluous  water  or  grease,  and  eradicating  the  marks  left 
by  the  stock-stone. 

Soft-boarding. — ^Boarding  or  bruising  the  leather  on  the  flesh  side ;  it 
renders  the  skin  very  pliant.    See  Bruising. 

Splitting. — ^This  operation  consists  in  reducing  the  sides  of  leather  to 
a  ujiiform  thickness  by  passing  them  through  the  splitting-machine. 
The  latter  can  be  a(\justed  to  split  the  sides  to  any  required  thickness. 
It  is  mainly  employed  in  the  preparation  of  thin  and  light  leathers. 

Staining. — ^Applying  with  a  hair  brush  to  the  grain  side  of  leather  a 
solution  of  logwood,  sal  soda  and  soft  water.  It  gives  a  dark  color  to 
the  leather. 

Stock-stone. — ^A  flat  rectangular  scoiuing-stone,  five  or  six  inches  long 
and  half  an  inch  thick,  fixed  in  a  stock  or  handle.  It  is  used  for  scour- 
ing, stretching,  and  removing  inequalities  in  the  leather.    (Fig.  13.) 

Stoning — ^Is  lorcibly  driving  the  stock-stone  over  the  leather  to  remove 
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inequalities,  stretch  it  and  render  the  grain  smooth.  The  North  Rirer 
and  Walpole  scouring-stones,  or  stock-stones,  are  generally  used. 

Stoning-jaek, — The  jack  with  the  stock-stone  attached  is  called  a  ston- 
ing-jack.    It  is  used  for  stoning  and  scraping  leather. 

^tringer^ — ^Are  large  vats  in  which  the  skins  brought  from  the  beam- 
house  are  first  placed,  and  so  tied  up  as  to  hang  lengthwise  in  the  vats 
and  parallel  to  each  other.  The  vats  are  filled  with  a  weak  infusion  of 
oak-bark. 

Stuffing. — ^A  mixture  of  tallow  and  neat's-foot  oil,  or  tallow  and  si>erm 
oil,  with  which  the  dampened  leather  is  coated.  Great  care  is  re<iuisite 
to  give  the  proper  amount  of  stufiing,  as  too  much  is  injurious.  In  dry- 
ing the  water  evaporates,  while  the  greater  part  of  the  oleaginous  matter 
is  absorbed,  making  the  leather  supple,  -easily  manipulated,  and  impervi- 
ous to  water. 

Stuffing-brush, — ^A  stiff  hair  brush  used  in  stufiing  leather*    (^K-  24.) 

Tdble-brush. — A  soft  hair  brush  used  to  sweep  sha\ings  nrom  the 
buffing  table.    (Fig.  19.) 

Turning-steel, — A  round  steel  instrument  used  to  turn  the  edge  of  the 
currier's  knife.    (Fig.  6.) 

Vat — A  large,  rectangular  pit  used  in  tamiing. 

Whitening. — ^This  operation  taxes  the  skill  of  the  currier  to  the  utmost. 
The  leather  is  laid  over  the  beam,  and  with  an  extremely  fine-edged  knife 
a  thin  sha^ing  lb  taken  firom  the  fiesh  side.  This  may  also  be  performed 
by  the  whitening  slicker.  In  the  latter  case  the  leather  is  laid  on  a  table, 
the  slicker  laid  flat  upon  it^  and  driven  with  great  force  repeatedly  down 
the  length  of  the  side,  takmg  off  parallel  and  very  thin  shavings.  The 
edges  of  these  instruments  must  be  so  true  that  not  a  scrateh  shall 
appear  upon  the  surface  of  the  leather. 

Worker. — ^A  two-handled,  blunt-edged  knife,  curved  to  suit  the  in- 
clined rest  of  the  beam-house^  and  is  used  to  scrape  the  hides.    (Fig.  2.) 

Note. — ^For  Figures  1  to  25  see  Plate  I,  and  for  Fig.  26  see  Plate  II. 

Explanation  of  plates. 

Plate  I. 
Tanners'  and  curriers'  tools. 

Plate  II. 
Stuffing  mill,  &c. 

Plate  III. 

Fig.  1.  Usual  outline  and  trim  of  hide,  given  by  ]VIr.  Jackson  S.  Schultz. 

A  A,  Bellies. 

B  B,  Bends. 

C  and  D,  Shoulders. 

Sometimes  the  shoulders  are  cut  so  as  to  include  the  neck,  and  in  that 
case  both  "  0  "  and  "  D  "  are  cut  in  one  piece ;  but  it  is  more  common  to 
cut  "  0  "  as  the  shoulder.  All  outside  of  the  bends  marked  "  B  B  "  is 
termed  "  offal,"  but  with  the  specific  names  given. 

Fig.  2.  English  nomenclature  of  hide. 

Plate  IV. 

Apparatus  for  leaching  bark. 

Fig.  1.  Allen  &  Warren's  center-post  sprinkler. 
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lig.  2.  Allen  &  Warren's  hanging  sprinkler. 
Pig.  3.  The  dumping  leach. 

Plate  V. 

Fig.  1.  Sole-leather-roUing  machine. 
Fig.  2.  Sole-leather-rolling  machine,  Bright's  patent. 
Fig.  3.  Union  leather-splitting  machine,  Bichardson's. 
Fig.  4.  Keystone  bark-mill. 

Plate  VI. 

Fig.  1.  Union  leather  whitening  and  bufBjig  machine. 

Fig.  2.  Tapley  heel-burnishing  machine. 

Fig.  3.  Impression-stitch  machine.    Uses  no  thread  or  needles. 

Fig.  4.  Crunping-machine  for  boots  and  shoes. 

f\^,  5.  Welt  and  stitching  machine. 
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APPEI^DIX  L. 

HFLED  CANNON  EMPLOYED  IN  THE  SIEGE  SERVICE  IN  FRANCE,  ENGLAND  ^ 
PRUSSIA,  AND  AUSTRL\,  FOR  THE  EXECUTION  OF  VERTICAL  FIRE.  TRANS- 
LATED FROM  THE  "  REVUE  D'ARTILLERIE,"  BY  FIRST  LIKUT.  CHARLES- 
S.  SMITH,  ORDNANCE  DEPARTMENT,  UNITED  STATES  ARMY. 

(Four  plates.) 

1.  France. — ^Rifled  howitzer  op  22  o.  m.,  cast  iron,  hooped. 

This  cannon,  adopted  in  1864,  has  been  obtained  by  rifling  and  hoop 

ing  an  old  smooth-bore  howitzer  of  the  coast  service.    The  smooth-bore 

Wwitzer  gave  a  fire  mediocre  enough,  and  the  bursting  of  shell  in  the 

bore  was  not  uncommon,  without  any  very  apparent  reason  therefor.    It 

is  probable  that,  notwithstanding  the  employment  of  a  sabot,  the  shell 

tamed  in  the  bore  and  the  fuse  was  forced  into  the  cavity.    The  rifling 

\iae  permitted  of  the  employment  with  this  piece  of  a  projectile  weighing 

JDo^  ^an  triple  the  spherical  shell,  and  that  with  an  accuracy  of  Are 

▼hich  was  very  remarkable  at  the  epoch  when  the  trials  were  made. 

Sinee  1864,  therefore,  the  howitzer  of  22  c.  m.,  rifleil  and  hooi)ed,  should 

be  eoDsidered  as  having  replaced  the  mortar  of  32  c.  m.,  the  fire  of  which 

va$  too  uncertain  to  utilize  the  effect  of  its  bomb  of  95  kilos,  weight,  and 

of  which  the  reactions  were  so  violent  for  large  charges  of  i>owder,  that 

a  satiHfia^tory  platform  for  the  piece  was  never  obtiiined. 

The  rifling  of  the  numerous  smooth-bore  howitzers  on  hand  in  the 
maritime  directions  of  the  land  artillery  having  recently  been  decided, 
ttpwL.  the  study  of  this  piece  presents  an  interest  of  reality.  The  details 
vf  the  plan  are  to  be  found  in  the  ^^Eevue  cPArtillerie^  (January,  1873), 
and  in  the  ^'^Aide-Memoire  of  Naval  Artillery ^^  and  will  not  be  reproduced 
here;  we  will  only  give  some  information  relative  to  the  hooping,  to  the 
interior  dispositions,  to  the  projectiles,  and  to  the  carriage. 

Hoopifig, — In  order  to  apply  the  hoops,  the  first  reinforce  of  the  mor- 
tar u  tamed  down  cylindricaUy,  in  such  manner  that  after  the  hoops  are 
put  in  place  the  piece  preserves  very  nearly  its  original  diameter  (the 
TO/jht  is  augmented  100  kilos.,  carrying  it  up  to  3,700  kilos.).  The  hooi^s 
are  put  on  hot,  and  are  of  puddled  steel,  very  tough  and  elastic — soft 
j»teel,  ha\ing  a  homogeneous  and  regular  grain,  being  selected.  The 
!>hrinkage  (difierence  between  the  exterior  diameter  of  the  caimon  and 
the  interior  diameter  of  the  hoops,  measured  when  cold)  is  1  m.  m.  in 
rviond  numbers ;  this  is  at  least  what  was  adopted  at  first.  In  1800^ 
the  shrinkage  was  reduced  in  most  of  the  pieces,  luider  the  belief  that 
it  occasioned  cracks  in  the  metal ;  later  the  more  energetic  shrinkage 
was  resumed ;  finally  it  appears  that  the  ideas  of  1860  were  returned  to,. 
<o  that  it  is  possible  that  a  more  feeble  shrinkage  will  be  adopted  for 
rifled  howitzers  in  future.  The  unhooping  of  camion  out  of  service  has 
^hown  that  the  shrinkage  has  diminished  a  little  in  service,  and  that  the 
»me  hoops  may  be  re-employed. 

The  six  hoops  of  the  howitzer  of  22  c.  m.  stop  just  in  rear  of  the  trun- 
mons.    There  is  no  trunnion-hoop. 

The  rent. — ^The  vent  of  the  howitzer  of  22  c.  m.,  hooped,  has  the  same 
site  as  in  the  smooth-bore  howitzer,  but  in  order  to  avoid  degradation  of 
the  hoops  in  its  vicinity,  it  is  pierced  for  a  Ko.  1  vent,  the  description  of 
Thich  we  borrow  from  the  work  of  Gadaud,  lieutenant  in  the  navy,  en- 
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titled  "Artillery  of  the  French  Marine  in  1872."    (See  also  Aide-Metnoire 
of  Naval  Artillery.) 

The  vent  bush  (Plate  VII*,  Fig.  1)  is  composed  of  two  parts — of  a 
tube  of  cast  steel,  and  of  a  tuoe  of  hardened  coi)per.  The  copi)er  tube 
incloses  a  steel  ring ;  its  upper  part  is  cylindrical  and  abuts  against  the 
steel  tube.  The  latter  is  threaded  for  a  certain  length,  and  screwed  into 
the  body  of  the  gun.  The  copper  piece  is  placed  in  a  recess,  widened 
at  the  top  to  prevent  it  (the  copper)  from  faUing  out;  the  steel  tube,  on 
the  other  hand,  prevents  it  from  rising  up;  finally,  the  steel  ring  is 
supported  against  the  steel  tube,  and  thus  opposes  any  considerable 
upsetting  of  the  coi)per  piece  under  the  action  of  the  gas. 

This  system  was  adopted  as  a  consequence  of  numerous  trials,  and  has 
given  good  results.* 

The  diameter  of  the  vent  is  6.6  m.  m.  at  the  outer  aperture,  and  con- 
tracts to  5.6  m.  m. 

Interior  disposition. — The  rifling  consists  of  thre€  basket-handled 
grooves,  similar  to  those  of  the  cannon  of  30,  with  a  parabolic  develop- 
ment, and  ha\ing  an  equal  inclination  of  6^  to  the  generatrices  of  the 
bore  at  the  muzzle.  Tliese  grooves  present  a  particularity'  that  does  not 
exist  in  the  cannon  of  30 ;  they  are  prolonged  in  rear  by  a  part  contracted 
and  of  little  depth,  in  order  to  receive  the  isolating  flanges  of  the  pro- 
jectile (prolongations  of  the  grooves). 

The  bore  is  enlarged  a  little  at  the  muzzle  in  order  to  facilitate  the  in- 
sertion of  the  projectile.  The  cartridge-chamber  is  a  tnmcated  cone ;  it 
is  shorter  than  the  old  chamber,  and  the  length  of  the  bore  is  thus  in- 
creased by  10  c.  m. 

FrojecUles.— The  ordinary  projectile  is  a  shell  of  a  total  weight  of  79.8 
kilos.,  and  of  the  usual  ijattem  of  the  marine  shells ;  its  length  is  about 
24  calibers,  and  contains  a  bursting  charge  of  4  kilos.,  which  fills  the 
chamber.  The  i^rojectile  is  fitted  with  a  percussion  mechanism  of  double 
reaction,  the  description  of  which  we  borrow  from  the  work  of  M.  Ga- 
daud.  A  hammer  of  bronze  (Plate  VII»,  Fig.  2)  incloses  in  its  interior 
some  rifle  powder,  and  is  maintained  in  place  by  two  trunnions.  A  cap 
is  fitted  to  the  upper  part  of  the  fuse  and  held  in  place  by  a  copper  disk. 
Two  iron  pins  prevent  the  hammer,  on  leaving  its  lodgment,  fix)m  com- 
ing in  communication  with  the  charge  of  jwwder.  The  projectile  being 
thrown  with  a  sufficient  velocity,  the  hammer  breaks  its  trunnions  and 
strikes  against  the  pins ;  when  the  shell  is  arrested  the  hammer  contin- 
ues to  move  forward,  in  virtue  of  its  inertia,  and  strikes  in  the  cap.  It 
is  necessary  that  the  projectile  should  fall  from  repose  through  a  height 
of  15  meters  in  order  that  the  apparatus  should  act  successfiilly.  This 
system  acts  with  more  regularity  than  the  Tardy  apparatus,  with  which 
a  part  of  our  shells  have  been  equipped. 

Tlie  howitzer  of  22  c.  m.  throws  two  kinds  of  canister,  consisting  of 
sheet-iron  cases  filled  with  zinc  balls ;  the  weight  of  one  is  31.100  kilos., 
and  contains  56  balls  of  44.3  m.  m.,  disposed  in  four  tiers;  the  weight 
of  the  other  is  39  kilas.,  and  contains  12  large  balls  of  89  m.  m.  (weight 
2.5  kilos.),  in  three  tiers,  with  a  tompion  of  wood  in  the  center. 

Exceptionally  a  massive  cylindrical  projectile  is  thrown  of  82  kilos., 
which,  fired  with  a  charge  of  6  kilos.,  may  be  employed  with  some  chance 
of  success  against  plates  of  12  c.  m.  at  ranges  below  100  meters. 

Apparatus  for  pointing, — Two  circles  of  steel,  secured  by  two  dowels, 
sre  heated  and  put  on  to  the  body  of  the  piece,  one  in  front  of  the  vent 

*  It  was  found,  in  tlio  experinicnt«  of  1871,  tliat  the  gas  penetrated  between  the  cop- 
per and  steel  at  their  junction,  and  tliat  the  former  was  forced  into  the  canal  of  the 
vent,  thereby  choking  it.    (Extract  from  work  quoted  above.) — C.  8.  S. 
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and  the  other  in  front  of  the  trunnions ;  the  first  carries  the  seat  for  the 
haosse ;  the  second,  the  front  sight.  The  line  of  sight  has  a  length  of 
1.20  m.,  and  lies  0.2  5  m.  to  the  left  of  the  plane  of  fire. 

The  haus^e  consists  of  a  steel  rod,  which  is  engaged  in  the  hausse- 
seat ;  a  horizontal  gauge  slides  along  this  rod  and  is  held  in  position 
by  means  of  a  set-screw ;  it  carries  a  movable  sight-notch,  which  serves 
to  correct  the  drift  and  the  de\iations  due  to  the  wind  and  the  velocity 
of  the  vessel  (in  case  of  firing  at  sea). 

There  are  three  hausses :  hausses  Nos.  1  and  2  are  designed  for  direct 
fire  (charge  5  kilos.) ;  No.  1  serves  up  to  11  cables'  length  (2,200  meters) ; 
No.  2,  up  to  21  cables'  length  (4,200  meters) ;  No.  3,  for  the  tire  of  bombs. 
The  hausses  Nos.  1  and  2  are  graduated  in  cables'  lengths ;  hausse  No. 
2y  in  millimeters. 

The  hausse  No.  3  is  only  employed  for  1,200  meters  and  upwards,  be- 
cause firing  with  charges  inferior  to  1  kilo,  has  l>een  abandoned.  Upon 
the  lower  part  of  this  hausse  is  engraved  a  table  indicating  for  each  dis- 
tance the  charge,  the  height,  and  drift. 

Carriage. — The  rifled  howitzer  of  22  c.  m.  has  been  fired  up  to  the  pres- 
ent on  the  wooden  marine  carriage  described  in  the  Bevue  (TArtillerie 
(January,  1873,  page  309),  and  represented  on  Plate  VII»,  Figs.  3  and  4. 
The  attempt  was  recently  made  at  Gavre  to  fire  it  upon  a  coast  carriage, 
model  of  1866,  with  a  chai'ge  of  6  kilos.,  and  under  an  angle  of  40^,  but  tiie 
trunnions  of  the  two  howitzers  experimented  with  were  broken — one  at  the 
third,  the  other  at  the  eighth  shot.  The  same  eftect  was  produced  at  the 
sixth  shot  upon  a  carriage  and  chassis  for  a  cannon  of  19  c.  m.  It  was 
sought  to  augment  the  elasticity  of  the  carriage,  and  the  howitzer  was  fired 
on  a  coast  carriage,  the  cast-iron  cheeks  of  which  were  surmounted  with 
wooden  supports  for  the  trunnions;  xuider  an  angle  of  40°,  and  with  a 
charge  of  6  kilos.,  the  recoil  was  1.60  m.,  and  the  depression  of  the 
chassis  firom  7  to  8  m.  m. '  At  the  first  shot  the  right  cheek  was  cracked; 
at  the  second  shot  firing  became  impracticable.  The  plan  was  then 
tried  of  attaching  trunnion  plates  to  the  carriage  with  wooden  cheeks; 
^t  the  second  shot  the  right  trunnion  w^as  broken,  as  well  as  the  roller 
on  the  left  side  of  the  carriage.  This  demonstrated  very  clearly  that 
the  trunnions  of  the  howitzer  are  too  feeble  to  admit  of  firing  from  car- 
riages of  but  little  elasticity.  These  trials  should  be  resumed  upon  a 
wooden  carriage,  mounted  on  a  coast  chassis  of  cast  iron.  If  it  is  only 
desired  to  employ  the  howitzer  for  bomb  firing^  the  marine  carriage, 
which  has  always  behaved  well,  and  which  reqiures  only  five  men  for 
maneuvering,  would  suffice;  for  the  direct  fire  it  would  not  have  a  height 
suitable  to  the  genouilUre  (height  of  axis  of  trunnions,  1.155  m.  only); 
the  recoil,  also,  would  be  too  considerable,  becanse  of  the  very  light 
weight  (750  kilos.)  of  this  carriage;  it  is  questionable,  therefore,  whether 
it  is  ver^'  usefid  to  employ  the  howitzer  in  direct  fire.  Perhaps  it  would 
withstand  the  fire  upon  a  wooden  carriage  provided  with  cheek  brackets 
of  iron,  as  in  the  Prussian  carriage,  for  the  8ui)port  of  the  trunnions. 

Fire. — The  charges  are  contained  in  cartridges  constructed  upon  a 
mandril  of  159  m.  m.  Between  the  cartridge  and  projectile  is  placed  a 
wad  of  seaweed  155  m.  m.  in  length  j  charges  inferior  to  3  kilos,  are  at- 
tached to  the  wad  to  prevent  them  irom  turning. 

The  direct  fire  is  executed  with  a  fixed  charge  of  5  kilos.,  which  gives 
an  initial  velocity  of  245  meters  for  the  ballasted  shell  of  79.8  kilos,  (pow- 
der of  Ripault). 

The  following  table,  extracted  from  the  Aide-Memoire  of  Naval  Artil- 
lery^  gives  some  information  on  the  fire  of  the  rifled  howitzer  of  22  c.  m. 
The.number8_that  figure  there  relate  to  the.  bjallasted  shell  of  82  Mloa^ 
whereas  the  service  shell,  since  i864,  weighs  79.8  kilos. 
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Fire  of  the  rifled  howitzert  of  22  cm,  f  employed  as  a  mortar, 

AMOUE  OF  PIBX,  40^. 


Charfre.  (Pow- 

Initial ve- 

Duration of 

Mean  deviation. 

Anp-le  of 

Range. 

Derivation. 

der  uiRlpaalt.) 

locity. 

tr%}ectory. 

Longitud- 
inaL 

Lateral 

fall. 

KUot. 

Meters. 

Meters. 

Meters, 

Seconds. 

MeUrs. 

Meiers. 

O       t 

1.00 

115 

1,314 

55 

15.1 

35.5 

2.9 

41  28 

1.25 

129 

1,614 

63 

16.9 

39.6 

3.6 

41  31 

1.50 

142 

1,002 

71 

18.4 

43.2 

4.3 

41  57 

1.75 

152 

2,178 

79 

19.7 

46.5 

5.0 

42  16 

2.00 

162 

2,440 

86 

20.8 

49.6 

5.7 

42  34 

2.25 

171 

2,696 

92 

22.0 

52.4 

6.3 

42  52 

2.50 

180 

2,937 

98 

23.0 

55.1 

7.0 

'        43  10 

3.00 

196 

3,391 

110 

24.9 

59.9 

8.3 

43  44 

3.50 

210 

3,805 

121 

26.5 

64.2 

9.5 

44  16 

4.00 

223 

4,188 

131 

27.9 

68.2 

10.7 

44  40 

5.00 

242 

4,775 

147 

30.0 

74.2 

12.7 

1        45  32 

6.00 

257 

5,210 

150 

32.1 

78.8 

14.3 

<        46    6 

2,  ENaLAND 8-INCH  RIFLED  HOWITZER. 

Figs.  5,  6,  and  7  (PL  VIP)  indicate  the  principal  dimensions  of  the 
8-inch  rifled  howitzers  of  the  English  artillery.  The  grooves  have  a 
uniform  pitch  of  1  turn  in  16  calibers ;  their  profile  is  of  the  system 
known  as  the  Woolwich.  The  length  of  the  rifled  portion  of  the  bore  is 
4.4  calibers.  Tlie  mode  of  construction  of  the  howitzer  is  analogous  to 
that  of  a  gun  of  the  same  caliber.  The  piece  is  composed  of  a  central 
tube  of  steel  and  of  exterior  coils  of  wrought  iron.  The  weight  of  the 
piece  is  2,320  kilos.,  with  a  breech  preponderance  of  100  kilos. 

The  projectile  is  a  common  shell  of  79.7  kilos,  with  interior  cai>acity  for  a 
charge  of  5.9  kilos. ;  its  length  is  615  m.  m. — say  three  carUbers.  This 
great  length  of  shell  merits  attention,  as  we  recall  to  mind  on  this  point 
that  the  essays  made  by  the  Prussians  in  firing  shells  of  this  length 
were  unsucce^ssftil.  The  En^Msh  are  more  fortunate,  probably  because 
of  the  short  twist  of  their  riflmg,  which  is  only  1  turn  in  16  calibers.  It 
seems,  however,  notwithstanding  the  statement  in  their  reiwrt,  that  they 
are  not  able  to  give  to  their  shell  a  stability  upon  its  trajectory  compara- 
ble to  that  of  the  Prussian  or  Austrian  shell :  we  may  be  assured  of  this 
when  we  consider  the  very  extended  limits  between  which  the  ratios  of 
the  mean  deviations  to  the  ranges  vary. 

Fire  of  the  English  S-inch  rifled  howitzer. 


Charge. 

(Powder  B. 

L.  U.) 

Angles. 

Daratiou  of  the 
trajectories. 

Banges. 

Mean  deviations. 

Derivationn. 

Longitudinal. 

Lateral. 

Kilograms. 
0.454 

0.907 

c 

40    41 

40    19 

10    24 
20    18 
40      9 

20      8 
30      6 
35      6 
40      6 

20      6 
30      6 
35      5 
40      6 

20      5 

30      7 

40      5 

Seconds. 
9.3 

13.6 

5.6 
10.7 
19.3 

13.3 
18.9 
22.0 
24.7 

14.8 
21.7 
24.8 

Meters. 
449 

944 

775 
1,339 
1,935 

2,150 
2.753 
3, 0.35 
8,172 

2,694 
3,591 
3,824 
8,958 

3,027 

4,074 

4,478 

Meters. 
5.5 

2.8 

Meters. 
1.9 

2.2 

Meters. 

2.0 

33.2 

8.2 

1.814 I 

* 

2.722 

» 
3.629 - 

14.0 
24.0 

45.0 
30.6 
36.6 
41.5 

60.9 
25.3 
34.7 
32.9 

90.0 

24.0 

31.0 

4.0 
4.5 

4.1 
3.2 
5.3 
4.8 

1.5 
2.5 
1.2 
3.0 

5.0 

8.5 

8.9 

33.3 

81.8 

42.0 

91.9 

121).  0 

151.8 

51.7 
122. 5 
151.5 
183.  & 

V 

16.0 
23.5 
80.1 

59.0 
150.0 
242.0 
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This  table  snins  up  some  results  of  the  firing ;  it  is  prox)er  to  remark 
that  the  means  which  they  contain  are  generally  taken  from  a  series  of 
three  shots,  which  is  far  from  sufficient  to  enable  us  to  judge  of  the 
accuracy  of  a  piece.  These  figures,  compared  with  those  which  will  be 
given  frLrther  on,  show  that  the  English  howitzer  does  not  attain  either 
the  precision  in  range  of  the  Prussian  mortar  or  the  accuracy  in  direc- 
tion of  the  Austrian  mortar. 

The  English  employed,  for  the  experiments  with  the  8-inch  howitzer, 
a  carriage  of  wrought  iron,  weighing  1,360  kilos.  Under  great  angles 
the  recoil  rarely  exceeded  two  meters ;  under  an  angle  of  2(P  and  a 
charge  of  4.536  kilos.,  it  attained  4  meters,  and  it  was  very  violent  under 
small  angles.  This  carriage  has  not  been  adopted :  it  is  too  light  for  a 
piece  of  this  caliber,  not  weighing  itself  over  2,300  kilos. 

To  recapitulate,  the  English  are  successM  in  firing  from  a  very  short 
piece  a  shell  3  caJibers  in  length,  which  enables  them  to  employ  a  very 
large  interior  charge ;  but,  so  far  as  we  are  able  to  judge  from  the 
mean  figures  taken  from  a  very  small  number  of  shots,  they  have  not 
been  able  to  attain  in  an  equal  degree  the  regularity  of  fire  of  the  Aus- 
trian and  Prussian  mortars ;  their  howitzer,  however,  is  not  the  less  re- 
markable. The  results  of  their  experiments  prove  the  possibility  oi 
firing  feeble  charges  in  pieces  of  large  caliber,  with  projectiles  more 
elongated  than  are  ordinarily  employed  with  those  pieces,  on  the  condi- 
tion of  shortening  sufficiently  the  twist  of  the  rifling ;  it  is  a  question 
whether  it  ought  not  to  be  reduced  to  1  turn  in  14  calibers  for  a  howitzer 
of  9  inches. 

Before  adopting  their  system  of  rifled  howitzers  the  English  had 
made  some  fruitless  essays  in  tubing  and  rifling  smooth-bore  cast-iron 
mortars  of  10  and  13  indies,  which  they  thus  r^uced  to  8  and  9  inches 
caliber.  ♦ 

3.  Peussian  bifled  mobtab  of  21  c.  M. 

ThepieceA — Captain  Manceron  has  described  in  the  Revue  cPArtillerw 
(tome  1,  page  382),  two  models  of  rifled  mortars  employed  during  the 
war  of  1870-1871.  The  present  mortar  (model  1871),  represent^  in 
Fig.  8,  PL  VIP,  has  the  same  general  form  that  those  had,  but  it  dif- 
fers in  weight  and  dimensions.  (See  Revue  WArtillerie^  February,  1874, 
X>age  410.)  We  will  confine  ourselves  here  to  the  following  informa- 
tion :  Caliber  of  piece,  209.3  m.  m. ;  weight,  2,800  kilos,  without  the  fer- 
metnre,  (the  old  mortar  weighed  3,500  kilos.) ;  number  of  grooves  30, 
inclined  at  an  angle  of  7o  ^twist  about  one  turn  in  25  calibers).  The 
length  of  the  rified  portion  is  about  5^  calibers. 

The  mechanism  of  the  fermeture  is  a  Kreiner  double-prismatic  coin 
-of  225  kilos,  weight ;  the  crank  is  removed  to  allow  the  piece  to  pass 
between  the  cheeks  when  firing  under  great  angles. 

The  obturator  is  a  copjier  ring,  the  rim  of  which  rests  against  the  in- 
ner surface  of  a  steel  ring  screwed  into  the  rear  part  of  the  powder- 
chamber.    (See  Revus  dfArtillerie^  tome  1,  page  16.) 

Projectile, — ^The  ordinary  projectile  of  the  mortar  of  21  c.  m.  is  the 
oblong  shell  common  to  this  piece  and  to  the  steel-hooped  gun  of  21  c. 
m.  iSiis  projectile  is  of  a  total  weight  of  80  kilos.,  and  contains  an  in- 
terior charge  of  5  kilos.  It  is  C/Overed  with  a  thin  envelope  of  lead 
attached  by  the  chemical  process.     It  has  at  the  bottom  a  tap-hole, 

*Tlie  Enclish  have  recently  experimeii^^  at  Eastbounie  with  rifled  howitzera  of 
6.3-inch  aha  lO-irich  caliber,  l)ut  the  trial h  demonstrated" that  the  pieces  were  very  deli- 
«detit  in  point  of  accuracy  of  fire. — C.  8.  S. 

t  Bronze  mortar,  model  of  1870,  transformed. 
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wluch  is  closed  by  an  iron  screw-plug.  A  washer  of  lead  pressed  in 
between  the  plug  and  the  wall  of  the  hole  renders  the  fermetiire  herme- 
tic. The  square  head  of  the  plug  projects  firom  the  bottom.  Two  cylin- 
drical holes  formed  in  the  fore  part  of  the  shell  permit  of  its  being  car- 
ried by  means  of  shell  hooks. 

The  length  of  the  shell  was  fixed  at  2^  calibers  after  a  series  of  experi- 
ments had  made  known  that  a  shell  of  3  calibers  turned  over  at  a  short 
distance  from  the  piece,  and  that  those  of  2  J  calibers  balloted  upon  their 
trajectories. 

The  interior  chamber  of  the  projectile  is  tarred  to  prevent  explosion 
in  the  bore  by  the  shock  of  the  grains  of  powder  agamst  the  walls. 
Finally,  the  shell  is  fitted  with  the  well  known  percussion  fuse  of  reac- 
tion, with  a  safety  pin.  The  Prussians,  as  well  as  the  Austriaus,  emploj- 
a  fuse  of  slow  action. 

Carriage, — ^The  wooden  carriage  with  clieek  brackets*  has  been  de- 
scribed in  the  Eevue  WArtillerie  (tome  1,  page  384) — a  carriage  analogous 
to  the  first  Austrian  model,  which  will  be  examined  fiuliher  on. 

Fire, — ^The  maximum  firing  charge  of  the  mortar  of  21  c.  m.  is  3.5  kilos., 
which  gives  an  initial  velocity  of  215  meters  for  oblong  shell.  The  pow- 
der employeil  is  probably  the  ordinary  cannon  powder. 

The  following  table  gives  some  information  on  the  elements  of  the 
fire: 

Fire  of  the  Prussian  mortar  of  21  c.  m. 


Angle  ot 
fire. 

Initial 
velocity. 

Maximnni 

rise. 

I 

Mean  deviations. 

CiicumacriUd 

Char??!'. 

Range. 

Derivations. 

Longitu- 
dinal. 

Lateral. 

rwtanple   of 
all  tke  shots. 

KUos. 
3.5 

Degrees. 
C     30 
]     45 
(     60 
C     30 

(     60 
(     30 
]     45 
i     60 

Meters. 

3,531 

3,991 

3,229 

8,004 

3,306 

2,812 

863 

953 

835 

Meters. 

143.5  ) 

293.4   S 

397.0   > 

116.0  ) 

246.0   > 

296.0   ) 

80.0   ) 

62.0    > 

95.0   > 

Meters. 
215 

197.3 

100 

Meters. 

J     12 
I     15 

6.2 

10.3 
11 

6 

Meters. 

6 
9 

5.5 
2.7 
6.5 

0.6 

Meters. 
60  X  30 

3 
1 

(      420 

<       800 
(   1,275 

75  z  45 

31  x32 
62  X  10 
66  X  39 

30  X    3 

Sketch  9,  Plate  YII*,  indicates  the  result  of  firing  a  series  of  10  shots 
at  a  distance  of  1,860  meters  and  under  an  angle  of  30^.  The  circum- 
scribed rectangle  of  these  10  shots  is  about  35  m.  x  7 ;  the  grouping  of 
the  shots  is  very  remarkable. 

JEffeet  of  fire  against  shelters. — Some  information  upon  the  effects  of 
fire  of  the  Prussian  mortar  against  shelters  has  already  been  published 
in  the  Revue,  in  the  article  of  Captain  Manceron  (tome  1,  page  397),  and 
also  in  that  of  Captain  Petit  (tome  3),  relative  to  the  efiects  oi  the 
Prussian  artillery  before  Paris.  We  extract  from  the  latter  the  informa- 
tion relating  to  the  rifled  mortar. 

The  shell  of  21  c.  m.  fired  at  a  maximum  distance  of  2,000  meters  had 
a  maximum  penetration  of  (mly  one  meter  in  recent  earthen  embank- 
ments of  little  consistency,  but  it  produced  some  craters  of  from  3  to  4 
cubic  meters,  and  of  such  a  nature  that  the  parapets  were,  in  certain 
points,  destroyed  for  a  height  of  0.60  m. 

*  These  brackets  (Plate  VII^)  increase  the  height  of  the  axis  of  the  tmnuion;  they 
are  bolted  upon  the  top  of  the  cheeks. — C.  S.  S. 
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At  the  fort  of  Montrouge,  upon  the  arches  of  the  traverses,  covered 
over  with  at  least  2  meters  of  earth,  the  shells  of  21  centimeters,  notwith- 
!tt;iiiding  their  feeble  penetration,  pi^iiced  in  the  thick  masonry  of  60 
reutimeters  some  fissures  and  disjunctions,  which  necessitated  the  prop* 
ping:  up  of  the  arches. 

At  the  fort  of  Vanves,  two  covered  traverses,  which  presented  a  flank 
to  the  shots,  had  thdr  arches  damaged  at  the  height  of  the  haunches, 
notwithstanding  their  mattresses  of  earth  of  250  meters ;  the  ashlars 
w<fre  driven  inward  4  centimeters  over  a  surface  of  ^  m.  q. 

At  the  fort  of  Issy,  a  shell  of  21  centimeters,  falling  almost  x>erpendic- 
abriy  upon  a  little  magazine  of  munitions,  traversed  two  meters  of  earth, 
tlie  arch  of  60  centimeters,  and  burst  in  falling  upon  the  ground  of  the 
nui^azine. 

At  the  tort  of  Yanves,  a  shell  of  21  centimeters,  falling  upon  the  terre- 
pleiB  of  the  bastion,  cracked  the  arch  of  the  casemate  under  the  terre- 
pkin;  thiB  arch  had  a  thickness  of  75  centimeters,  and  was  covered  over 
with  i^M  centimeter  of  earth,  x)erfectly  rammed  by  the  continual  pas- 
s^  of  the  men. 

The  arches  of  1  meter  in  thickness,  of  certain  great  powder  magazines, 
frequently  resisted  badly  enough  when  they  were  covered  over  with  1 
Bfeeter  of  earth,  but  resisted  perfectly  when  the  covering  of  earth  was 
laiMd  to  1.80  meters. 

In  the  court  of  the  Double  Crown  of  the  North  some  shelters  were 
eoQgtmcted  with  horizontal  roofs  composed  of  rails  spaced  at  1  meter, 
and  having  a  maximum  span  of  1.70  meters ;  these  rails,  solidly  sup- 
po(t«d.  were  covered  with  a  flooring  of  joists  and  a  mattress  of  earth. 
Wheo  the  mattress  had  a  thickness  of  3  meters  the  shelters  resisted  well ; 
the  shelters  which  were  covered  with  only  1.60  meters  of  earth  were 
pieceed  on  the  first  day  of  the  bombardment. 

At  the  fort  of  Yanves,  a  shelter  covered  with  the  trunks  of  trees  of  30 
eentuneters,  with  a  span  of  4  meters,  and  a  minimum  thickness  of  4  me* 
ttt^  of  earth,  wa«  not  traversed,  but  the  ceiling  was  sometimes  disturbed. 
A  ahelter  formed  of  nine  fi^mes  of  25  centimeters  scantling,  with  spaces 
of  1  meter,  covered  with  a  coffer  of  joists,  with  2  tiers  of  facines  and  2  me- 
ten  of  earth,  was  stove  in  by  a  shell  of  21  centimeters,  after  ha\ing  been 
laittttled  by  mMiy  shells  of  15  centimeters. 

The  shelters  of  timber- work  in  the  fort  of  Issy^  with  from  2.50  meters 
to3  met^«  of  earth,  were  more  or  less  compromised. 

Some  blkid  shelters  of  joined  beams  of  from  30  to  35  centimeters,  well 
>«staiiied.  covered  with  a  row  of  fiiscines  and  with  1.20  meters  of  earth, 
^ithfltood  the  fire  of  the  shells  of  21  centimeters. 

In  ocMnparing  the  information  which  precedes  with  the  results  cited 
l^irOBiitain  Manoeron,  it  will  be  seen  tliat  the  fire  of  the  Prussian  mor- 
tar, imder  an  angle  of  60  degrees,  and  at  a  distance  of  2,000  meters, 
is  femidable  to  hollow  traverses,  even  when  covered  with  2.50  meters 
of  «wth,  and  to  the  arches  of  casemates  under  80  centimeters  of  well- 
nued  earth;  that  the  effect  of  isolated  shots  is  not  dangerous  to 
lewder-magazines  with  one  meter  of  earth,  but  that  nevertheless  it  is 
ptohible  that  the  latter  would  not  withstand  many  shots  fortunately 
irnwped.  As  to  horizontal  blindages,  they  are  only  able  to  resist  when 
thej  have  a  certain  elasticity,  and  have  the  resistance  of  a  row  of  joined 
tniiiks  of  trees  of  from  30  to  35  centimeters,  of  a  short  span,  and  covered 
^  £ucines  and  at  least  1.20  meters  of  earth.  These  indications 
^e,  then,  the  minimum  resistance  required  in  shelters  to  withstand  the 
Hre  under  the  conditions  above  announced.    In  practice,  it  is  necessary 
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to  exceed  considerably  the  minimum  dimensions,  for  the  figures,  if  ac- 
curacy of  fire  show  that  it  is  possible  to  group  the  shots  upon  a  small 
surface,  at  ranges  attaining  to,  at  least,  4,000  meters.  Projectiles  arriv- 
ing from  these  great  distances,  under  great  angles,  would  have  a  very 
considerable  i)enetration. 

A.  AUSTEIAN  BIFLED  CAST-mON   HOWITZER  OF  8  POUCES  (21  C.  M.). 

This  piece  is  chiefly  remarkable  in  that  it  gives  great  accuracy  of  fire, 
notwithstanding  its  very  limited  length  (the  rifled  jwrtion  of  the  bore 
being  only  4  calibers).  In  the  Bevue  (tome  1,  page  395)  will  be  found 
.«ome  information  which  we  will  complet/C  by  some  facts  borrowed  from 
the  Austrian  collection,  entitled  "  Mittheilungen  iiber  Gegenstflnde  des 
Artillerie,  und  Grenie-Wesens,"  dwelling  cliiefly  upon  the  details  of  ex- 
X)eriments  which  have  a  practical  utility. 

Fabrication. — ^The  first  rifled  mortar  of  8  ponces  constructed  in  Austria 
was  cast  on  a  core,  with  the  object  of  avoiding  the  spongy  metal  which 
is  readily  produced  toward  the  center  of  large  pieces  cast  solid ;  and, 
^Iso,  because  it  was  hoped,  from  the  fact  that  charcoal  x>ig  strongly  de- 
carburates  by  fusion,  that  a  more  homogeneous  grain  would  be  obtained 
by  casting  under  a  less  thickness  of  metal.  Again,  in  a  piece  cast  solid, 
as  the  solidification  takes  place  from  the  exterior,  the  interior  layers  are 
in  a  state  of  mitial  tension,  whereas  it  is  more  advantageous,  from  the 
point  of  view  of  resistance  to  the  firing,  to  place  them  under  an  initial 
compi*ession.  It  was  this  consideration  that  induced  Major  Rodman  to 
-cast  his  large  pieces  upon  a  hollow  core,  cooled  by  a  current  of  water. 
The  Austrians  employed,  to  produce  the  cooling  of  the  core,  a  current  of 
«,ir  generated  by  a  blowing  engine.  This  cooling  is  otherwise  necessary, 
iudei^endently  of  all  consideration  upon  the  molecular  constitution  of 
Ihe  cast  iron,  in  order  to  prevent  the  hollow  core  from  becoming  heated 
to  redness  and  bending. 

The  mortar  was  cast  with  a  heavy  sinking-head  (about  3,000  kilos.). 
The  core  was  composed  (see  Figs.  10  and  11,  Plate  Vll**)  of  a  tube  fluted 
•on  the  exterior  surface,  upon  which  was  wound  a  fine  iron  wire,  thus 
leaving  a  series  of  longitudinal  canals  for  the  escajie  of  the  gas  and  vai>ors 
from  the  exterior  of  the  core ;  the  iron  wire  was  itself  surrounded  by  a 
light  rojje,  upon  which  was  applied  a  layer  of  clay  mixed  with  horse  and 
cow  dung.  Tlie  lower  part  of  the  core  was  inserted  into  the  mold,  while 
-the  upper  part  was  free  to  dilate  in  a  cylinder  supported  by  the  cast- 
ing basin  above  the  mold.  The  jets  of  iron  were  directed  into  the 
molds  by  two  tubes.  The  basm  being  very  nearly  filled  with  the  liquid 
metal,  and  the  current  of  air  i)ermitt-^  to  circulate  through  the  core,  the 
tubes  were  opened,  and  two  jet«  descended  vertically  into  the  mold  with- 
out touching  either  the  core  or  the  walls.  The  casting  proceeded  without 
incident ;  the  current  of  air  which  came  out  of  the  core  was  inflamed  on 
leaving  it.  The  scoria  which  floated  upon  the  surface  of  the  cast  iron 
:Temained  liquid,  and  the  eddies  produced  by  the  jets  prevented  them 
from  becoming  attached  either  to  the  core  or  to  the  mold. 

The  temperature  of  the  current  of  air  (0.300  m.  cube  per  second)  rose 
in  half  an  hour  after  casting  to  lOOo  centignule ;  and  in  an  hour  and  a 
half  it  attained  124^,  descending  after  9  hours  and  a  quarter  to  100°. 
The  current  was  then  shut  off  and  the  interior  examined,  but  as  after  20 
minutes  the  interior  was  slightly  red,  the  current  was  turned  on  again. 
f(The  same  ob8er\'ations  were  made  after  12, 15,  and  18  hours  and  a  half.) 
-Pinally,  after  24  hours,  the  current  was  shut  off,  and  the  tube  ceased  to 
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become  rwl.  The  air,  which  circulated  freely  through  the  core,  came  out 
after  46  hours,  at  the  temperature  of  13(P. 

Acconling  to  the  calculations  of  Lieutenant-Colonel  Holececk  the  air 
current  hswi  absorbed  0.229  of  the  total  heat  of  the  metal. 

Seventy- two  hours  after  castmg  the  piece  was  removed  from  the  mold ; 
it  was  suicertaiiied  that  the  rope  around  the  core  was  completely  con- 
«imwl  which  was  probably  occasioned  by  the  accidental  i)eneti*ation  of 
the  air  through  sinaU  fissures. 

Tbe  casting  of  the  i)iece  left  exposed  perfectly  clear  surfaces.  The 
pnxife  of  resistance  upon  bars  of  the  cast  iron  taken  from  difterent  pla<^es 
pave  results  very  imifonn,  and  showed  that  the  resistance  of  the  metal 
obtained  by  the  process  of  casting  employed  was  as  great  as  in  some 
^«t:imens  taken  from  a  little  piece  cast  under  good  conditions. 

Tk  Piece. — ^The  Bevue  WArtillerie  (tome  1,  page  386  and  following) 
0ve«  for  the  plan  of  the  piece  some  figures  which  it  is  useless  to  repro- 
dni?e  here.  We  will  recall  only  that  the  diameter  of  the  bore  is  209  m. 
bl;  the  length  of  the  rifled  part  is  a  httle  more  than  4  caUbers;  the  30 
flnieiforni  grooves  have  a  twist  of  1  turn  in  60  calibers. 

Thefenneture  is  that  of  the  Krupp  system — a  cylindro-prismatic  coin; 
th**  foin  is  prolonged  by  a  lunette  for  the  x)assage  of  the  charge. 

The  vent  was  originally  i)ierced  in  the  coin,  in  the  direction  of  the  axis 
«f  the  bore ;  this  position  forced  a  return  to  the  position  of  charging  when 
tbei^iffler  niisse<l  flre;  this  maneuver  caused  a  loss  of  time,  and  exposed 
t4»  sinne  derangement  the  position  of  the  projectile.  More  recently  the 
veiJt  kk^  been  x>ierced  perpendicularly  to  the  axis,  and  a  copper  bushing 
«Bployed. 

(Murator, — Different  obturators  have  been  tried  in  the  mortar  of  8 
IWQces.  The  first  was  a  Broadwell  ring,  but  it  did  not  expand  sufficiently ; 
a  n^num  of  powder  became  attached  to  its  exterior  surface,  and  it  was 
Bi^eisaiy  to  clean  it  at  each  shot,  as  without  this  precaution  it  moved 
«it  of  its  recess,  prevented  the  coin  from  being  replaced,  and  scratched 
«HDe  furrows  on  the  bearing  surface  of  the  latter.  The  ring  was  then 
awde  thinner,  but  the  obturation  remained  incomplete.  After  a  series 
<*f  triab,  an  obturator  of  tombac*  (white  copper)  was  adopted,  with  a 
J*mom  of  pasteboard.  {Bodenkappe  aus  Pappendeckel,)  Figure  12,  Plate 
^TP.  represents  an  obturator  employed  in  Prussia,  with  the  Wahrendorff 
fennetnre,  and  which  ought  to  bear  a  close  analog^'  to  the  one  employed 
^th  this  mortar. 

The  edge  of  tbe  obturator  in  tombac  is  txuned  up,  and  ojwrates  in  fir- 
nc  in  the  same  mamier  as  that  with  a  pasteboard  bottom  employed  in 
J*ntti9a  with  the  Wahrendorff  fermeture.  The  iiasteboard  bottom  is  set 
ifi  the  ring  of  tombac. 

T«»  pnicnre  a  good  obturator,  it  is  requisite  that  the  rim  of  the  ring  be 
«^t«i  with  tallow.  The  best  obturators  of  this  system  have  been  able 
tt»  ottlergo  the  firing  of  from  fifty  to  one  hundred  shots.  On  an  average, 
f'T  inff^rior  charges  of  3  kilos.,  a  thin  ring  is  necessary'  every  seventy 
"^^^  and  a  bottom  every  ten  shots ;  for  large  charges,  a  strong  ring 
«^ery  forty  shots,  and  a  bottom  every  five  shots. 

iMancRifio;^ — ^In  the  experiments  ordinary  cannon  powder  (powder 
A I  was  employed,  both  for  the  firing  charge  and  for  the  interior  charge 
*rf  the  projectile. 

•In  order  to  employ  this  obturator  in  the  first  mortar  experimeuts,  the  recess  of  the 
Bi^Vf U  ring  was  bored  cylindrically,  and  a  steel  ring  sot  in  place  by  pressure ;  but 
J^  Utter  did  not  work  well ;  it  was  displaced  to  the  rear,  even  when  it  had  been 
i^i^mtA  bv  fear  screws,  obstructed  the  maneuvering  of  the  coin,  and  finished  by 
»n*%tinj{  tne  eTperiments. 
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The  cartridges  are  centered  in  tlie  cliamber  by  means  of  two  splints ; 
those  of  a  weight  inferior  to  0.728  kilo,  are  placed  in  a  wooden  8al)ot, 
which  is  composed  of  half  a  hollow  cylinder,  closed  at  the  rear  by  a  half- 
disk  of  board  one  pouce  thick ;  upon  this  disk  is  fastened  a  small  cir- 
cular board  which  fits  into  the  copper  gas-check.  This  sabot  assiu^e^ 
the  inflammation  of  the  small  charges  and  reduces  the  space  given  to 
the  expansion  of  the  gas. 

The  projectile  (Figure  13,  Plate  VIP)  is  a  cylindro-ogival  shell  of  2.J 
calibers  in  length ;  this  length  was  adopted  as  a  consequence  of  cx)m- 
parative  firings  with  shells  of  2  calibers  and  2^  calibers  in  length.  In 
the  bottom  is  a  tap  hole  closed  by  a  screw  plug  of  iron ;  the  tliin  coat- 
ing  of  lead  is  attached  by  the  chemical  process :  the  weight  of  the  shell  is 
87  kilos.  It  should  be  remarked  that  this  shell  is  longer  and  hea\ier  at 
the  point  than  the  Prussian  shell  of  the  same  caliber. 

The  shells  were  ftimished  for  the  first  essays  with  a  percussion  fuse  of 
reaction  analogous  to  the  well-known  Prussian  fuse.  The  safety-pin 
left  its  place  during  the  passage  of  the  shell  through  the  bore,  and  was 
pinched  between  the  projectile  and  the  walls  of  the  bore,  and  left,  some 
imprints  ujwn  the  latter;  it  was  therefore  necessary  to  secure  these  i)ins 
more  firmly  by  means  of  wedges. 

Later,  an  effort  was  made  to  obtain  ftise^  which  should  not  burst  the 
projectile  until  it  had  completed  its  i)enetration.  After  some  Iruitless 
attempts,  some  ftises  were  finally  obtained  which  gave  an  interval  of 
from  0.1  sec.  t-o  0.23  sec.  between  the  shock  of  the  shell  and  it«  explosion. 

Carriage. — ^The  first  experimental  mortar  was  mounted  upon  a  wooden 
carriage  (described  in  the  Revue^  February,  1873,  page  387),  which  by 
meaiis  of  three  strong  screws  coiud  be  raised  sufficiently  to  be  plaeed 
upon  wheels ;  it  was  connected  then  to  a  siege  limber  by  means  of  a  i)ole. 
This  carriage  was  not  very  satisfactory ;  it  required  nearly  an  hour  to 
mount  it  upon  wheels  or  to  dismount  it  upon  the  platform ;  it  was  not 
possible  to  move  it  upon  the  latter  but  at  the  price  of  great  effort.  Two 
men  ajiplied  at  the  i)ointing  api)aratus  were  not  able  to  raise  the  piece 
from  an  angle  of  30^  to  that  of  10^,  the  angle  of  loading;  it  was  neces- 
sary to  apply  some  men  to  a  lever  introduced  into  the  bore  at  the  muzzle, 
and  to  allow  the  breech  to  rei)ose  ux)on  another  lever  placed  across  the 
cheeks.  Finally,  under  an  angle  of  75^  and  a  charge  of  4.5  kilos.,  the 
cheeks  were  broken ;  iron  supports  for  the  trunnions  were  then  placed 
on  top  of  the  cheeks. 

Later,  two  carriages  designed  to  be  moved  more  conveniently  upon 
the  platform  were  ^ed.  One  of  these  was  of  plate-iron  and  the  other 
of  wood,  both  having  the  same  form  as  the  primitive  carriage,  and  fiir- 
nished  with  two  tninnion-supiwrts  of  iron ;  each  was  provided  mth  eight 
rollers  (four  for  the  longitudinal  movement  and  four  for  the  lateral) 
mounted  upon  eccentric  axes ;  the  carriage  was  raised  up  by  throwing 
the  eccentrics  into  gear,  the  axes  being  maintained  in  position  by  means 
of  keys ;  the  movement  of  the  carriage  being  terminated,  the  rollers 
were  thrown  out  of  gear  and  the  carriage  lowered  upon  the  platform. 

The  original  apparatus  for  pointing  was  retained  for  the  new  carriages, 
but  in  order  to  pass  easily  to  the  position  of  loading  a  toothed  arc  was 
attached  to  the  piece,  working  in  a  pinion  attached  to  the  carriage. 
Finally,  to  transport  these  carriages,  they  were  raised  by  means  of  screw- 
jacks,  and  an  axle  and  wheels  attached ;  afterward  they  were  connected 
to  a  limber  by  means  of  a  curved  pole. 

At  the  end  of  a  small  number  of  shota  (118)  the  firing  on  the  wooden 
carriage  was  stopped,  because  the  rollers  no  longer  operated  j  the  front 
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transom  iras  twisted  into  contact  with  the  platform  and  the  carriage 
didoeated. 

The  carriage  of  plate-iron  sustained  677  sliot^s  without  injury.  The 
graphic  represen^tions  of  its  movement  during  the  firing  showed  a 
maximum  sinking  of  15  millimeters  for  the  platform,  followed  by  an 
ascension  of  30  millimeters  for  the  carriage. 

The  carriage  of  plate-iron  has  been  adopted.* 

Pmnting. — ^The  exterior  surface  of  the  mortar  carries  a  seat  for  the 
quadrant  and  a  lodgment  for  the  derivation  sight. 

Originally  the  direction  was  given  by  means  of  a  plumb-line  running 
over  a  traverse  of  wood  placed  in  rear  of  the  carriage ;  but  the  line  of 
sigbt  being  very  short,  this  method  of  pointing  was  defective.  It  was 
perr^eired  that  in  bringing  the  carriage  against  some  reference  marks 
placed  upon  the  platform  the  shots  were  grouped  more  regularly ;  on 
aoeoimt  of  which,  it  was  decided  to  adopt  an  apparatus  analogous  to  the 
sfpsratus/or  indirect  pointing^  which  was  applied  to  the  Prussian  siege 
carriages,  and  which  is  described  in  the  Bevue  WArtillerie  (tome  3, 
page  2).     (See  Appendix.) 

fire. — Firing  charges  have  been  employed  varying  from  0.560  kilo,  to 
5MI  kOos.  Care  is  always  taken  to  assure  the  position  of  the  projectile 
in  its  chamber  by  means  of  the  ramrod,  in  order  that  it  shall  be  sufft- 
ciently  engaged  in  the  rifled  part  not  to  fall  back  upon  the  charge  in 
pacing  to  the  x>osition  of  firing,  which  would  prove  a  source  of  irreg- 
ularity in  firing. 

It  was  observed  in  firing  with  small  charges  that  the  axis  of  the  shell 
niorcd  through  the  air  nearly  parallel  to  itself;  the  projectile  fell  upon 
its  base,  pivoted,  and  turned  over  with  the  point  directed  toward  the 
piee*.  This  effect  was  produced  under  an  angle  of  75^,  even  up  to  ranges 
of  L500  meters.  It  was  clearly  seen,  in  following  the  projectile  through 
the  ar,  that  the  axis  inclined  progressively  toward  the  right.  In  pro- 
porti(Hi  as  the  charges  were  increased  this  movement  of  the  axis  was 
lt»  sensible,  the  shell  fell  flat,  afterward  point  foremost,  pivoting  less 
and  less  at  its  point  of  fall.  (Analogous  results  were  observed  in  France 
is  the  experiments  of  1861.) 

For  the  niinimum  charge,  0.728  kilo,  has  been  adopted.  With  this 
enlarge,  nnder  an  angle  of  65^,  the  axis  of  the  shell  inclines  first  to  the 
left,  then  passes  to  the  right  after  the  point  of  culmination,  and  the  pro- 
jectile arrives  at  a  mean  range  of  380  meters,  with  its  axis  very  nearly 
bnrtzoQtal.  Four  shells  fired  under  these  conditions  have  burst  at  their 
point  of  taXL 

Experience  demonstrated  that  the  largest  charge  that  could  be  utilized 
▼iththe  particular  powder  employed  was  6.0^  kilos.  ^Nevertheless, 
soBie  shots  were  fired  with  a  charge  of  5.600  kilos.,  and  an  extreme  range 
obtfflned  of  4.512  meters,  under  an  angle  of  4oo.  Under  this  angle,  five 
sWU  were  driven  0.80  meter  into  the  earth  and  remained  tiiere ;  ten 
<ftlieT8  plowed  a  furrow  of  2.50  meters  on  0.32  meter. 

The  smallest  angle  of  fire  adopted  was  20^ ;  this  angle  being  taken  as 
tiie  limit  in  order  to  avoid  having  deep  embrasures,  and  because,  under 
BBaOer  angles,  siege  cannon  give  better  results,  and  with  less  trouble. 

Far  small  charges  high  angles  should  be  employed ;  otherwise,  these 
Hiargfs  give  little  precision  of  fire ;  in  this  case,  the  axis  of  the  shell 
d«vribes  a  conical  surface  of  a  great  angle  about  the  tangent  to  the 
tajectory,  the  projectile  coming  to  the  ground  either  flat  or  upon  its 

The  penetrations  in  the  gravel  of  the  polygon  of  Steinfeld  did  not  ex- 

*8ee  Plate  YU^  for  model  of  carriage  finaUy  adopted. 
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ceed  85  centimeters  (charge  5,040  kilos.,  angle  60^) ;  tlie  cliarged  pro- 
jectiles made  craters  of  2  meters  in  diameter,  and  from  50  to  90  centi- 
meters deep  (one-twelfth  of  the  fragments  remaining  in  the  crater). 

The  following  table  gives  the  results  obtained  in  firing  with  the  prin- 
cipal charges ;  the  numbers  contained  therein,  relative  to  the  accuracy 
of  fire,  will  be  examined  further  on. 


Mean  deviations. 

Circamacribed 

Anglea. 

Ranges. 

DeTivations. 

rectangles  for 
95  per  cent,  of 
the  shots  (cal- 
culated). 

Daration  of 
tnycctorj-. 

Charges. 

Longittt- 
dinaL 

Lateral. 

BecoU. 

KHos. 

Demrees. 
60 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

Seconds. 

Meters. 

358 
340 

31. 1  D. 
4.9  D. 

20 
24 

0.7 
2.1 

101  X    4.6 
122  X  11 

9.24 
10.94 

50 

726 

9.1  D. 

8 

1.2 

41  X    6 

13.39 

0.005 

60 
20 

652 

841 

8.4  D. 
0.8  G. 

11 
12 

0.9 

0.8 

56  X    4.6 

61  X    4 

15.01 
7.79 

0.197 

30 

1,180 

14. 1  V. 

10 

1.2 

61  X    6 

12.28 

0.105 

45 

1,329 

15.  3  D. 

9 

1.7 

46  X    8.6 

17.26 

0.0.3<» 

60 

1,141 

44.3  D. 

14 

2.7 

71  X  13.7 

21.93 

0. 0."»2 

20 

1,887 

9.0  D. 

18 

1.0 

91  X    5. 1 

11.87 

o.^-io 

30 

2, 423 

17.  8  D. 

22 

2.4 

111  X  12.2 

17.22 

0.&2G 

45 

2,741 

59.  0  D. 

31 

3.8 

157  X  19. 3 

24.41 

0.  210 

60 

2,304 

73.  7  D. 

20 

6.6 

101  X  28.4 

29.24 

0.039 

20 

2,821 

14.  3  D. 

32 

1.8 

162  X    9. 1 

14.87 

1.206 

80 

3.581 

23.7  D. 

46 

2.5 

233  X  12. 7 

21.39 

1.086 

45 

3,069 

47.  5  D. 

48 

8.3 

243  X  10.7 

29.91 

0.599 

60 

3, 457 

97.9  D. 

23 

4.5 

117  X  22.8 

36.11 

0. 132 

45 

4,512 

50 

3.5 

217  X  18 
Ol>ser\'ed. 

Bursting  of  shells  at  repose, — Two  shells  were  made  to  burst  at  rest, 
which  had  been  previously  fired  under  an  angle  of  60^^  with  charges  of 
2.240  kilos.,  and  3.360  kilos. 

The  shells  were  i)laced  upon  a  horizontal  block  of  wood  at  the  bottom 
of  the  bursting  pits.  The  covering  for  the  pits  consisted  of  a  layer  of 
joists  of  32  c.  m.,  connected  togetlier  and  weighted — the  first  time  'with  a 
cannon  of  1,850  kilos.,  and  the  second  time  mth  a  coi^per  plate  of  the 
same  weight.  The  explosion  of  each  of  the  shells  broke  the  joists  of  the 
interior  revetment,  overturned  the  covering  joists,  some  of  which  weiv 
broken  and  projected  to  some  distance,  the  caimon  fell  to  the  bottom  of 
the  pit,  and  some  of  the  fragments  of  the  shells  were  thrown  outside  ;  of 
the  fragments  that  remained  in  the  pit  some  were  forced  into  the  block 
of  wood  10  c.  m. 

The  following  table  gives  the  details  relative  to  these  explosiouvs : 


Weight 

of 
empty 
shells. 

Large  fragments. 

Mean  fragments. 

Small  frag- 
ments. 

Shell 

Xo. 

15 
14 

Weight*. 

So. 

Weights. 

15 
16 

Welghta. 

Maxi- 
mum. 

Mini, 
mnni. 

Total. 

Maxi- 
mum. 

Mini- 
mum. 

Total. 

First  shell 

Second  shell 

EUos. 
83.45 
83.45 

Kilos. 
12.300 
12. 300 

KUos. 
1.680 
1.680 

KUos. 
64.300 

58.800 

15 

10 

KUos. 
1.680 
L680 

Kilos. 
0.840 
0.560 

Kilos. 
31.800 
12.040 

Kilos. 
4.760 
0.560 

To  these  numbers  should  be  added  about  0.100  kilo,  of  dSbris, 

To  sum  up : 

For  the  fiist  shell,  70  fi^agments  recovered  (comprising  11  of  the  lead 
coating),  weights,  81.200  kilos. 

For  the  second  shell,  fifty  fragments  recovered  (comprising  5  of  the 
lead  coating),  weight,  71.700  kilos. 
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The  bottoms  remained  entire  j  the  point  was  broken  into  fonr  or  five 
pieces. 

Effects  of  fire. — To  study  the  effects  of  the  fire  of  the  mortar  of  8  ponces, 
a  strncture  wj^  raised  upon  the  ground  of  the  polygon  of  Steintiehl, 
which  is  represent'Cd  in  Plate  VIII,  a  and  h.  Two  shelters  were  formed 
toother  by  three  longitudinal  walls  (in  the  direction  of  the  fire)  0.95 
nifters  thick,  and  by  a  front  wall  of  the  same  thickness ;  the  two  shel- 
ters were  10  meters  in  length,  the  width  of  one  being  6.30  meters  and 
of  the  other  4.40  meters.  Four  different  systems  of  coverings  were  ap- 
plied to  these  shelters,  so  that  there  were  thus  four  different  forms  of 
casemates  represented. 

Gd?emate  No.  1. — ^Covered  by  means  of  double  T-beams,  31  c.  m.  in 
height,  with  spaces  between  of  about  24  c.  m.  Upon  the  lower  flanges  on 
the  T  were  placed  curv^ed  plates  of  plate  iron ;  the  interval  between  the 
nub  was  filled  with  Mton^  which  covered  them  through  a  thickness  vary • 
in^from  32  c.  m.  to  48  c.  m. 

Casemate  No.  3. — Covered  by  means  of  iron  rails  52  c.  m.  in  height, 
with  spaces  of  1.58  meters ;  between  them  were  brick  arches  of  48  c.  m. 
'Hie  rails  rested  npon  two  other  rails.  ser\ing  as  supporting  plates; 
npon  the  arches  were  laid  a  bed  of  heton^  from  48  c.  m.  to  32  c.  m.  in 
thickness. 

Casemate  No.  2. — Same  covering  as  in  casemate  No.  1,  except  that  the 
Mils  were  not  so  strong  (26  c.  m.  in  height). 

For  these  three  casemates,  the  two  rails  that  serve  as  plates  rested  on 
<»S&jet»  that  projected  from  the  longitudinal  walls  (32  c.  m.  in  width). 

Casemate  No.  4. — Covered  with  joists  of  32  c.  m.  by  42.5 ;  bearing  upon 
plates  disposed  npon  offsets  above  the  joists  were  two  tiers  of  sauoissom 
crossed. 

The  minimum  thickness  of  the  layer  of  earth  that  covered  the  entire 
slw-lter  was  1.90  meters. 

Beades  the  casemates  Nos.  1  and  3,  a  battery  powder  magazine  was 
constructed,  the  roof  of  which  was  formed  of  joists  of  21  c.  m.  by  21.  sup- 
ported by  posts  2Q  c.  m.  by  26,  and  covered  by  two  layers  of  satictasoiis 
citjftipjed,  and  1.30  m.  of  earth. 

The  total  surface  occupied  by  the  group  was  about  17  meters  in  the 
dilution  of  the  fire,  and  28.50  meters  in  width.  The  superfices  occupied 
V  the  casemates  in  the  clear  was  11.06  meters  by  13.90  meters. 

One  hundred  and  forty -nine  shots  were  fired,  in  1870,  upon  this  shelter; 
-1  shells  (15  p.  ct.  about)  hit  the  group,  9  of  which  struck  the  slopes. 
W  these  21  shells  8  were  ballasted  but  not  charged ;  the  13  others  were 
charged. 

The  sheDs  not  charged,  fired  under  an  arfgle  of  60^  and  at  a  distance 
"^2^>S0  meters,  penetrated  the  covering  of  earth  from  1.75  meters  to 
l-'SJ  meters. 

The  first  shells  charged  were  armed  with  instantaneous  ftises,  and 
produced  craters  of  about  3  meters  in  diameter  by  95  c.  m  in  depth ; 
Mrfer  the  aetion  of  these  shots,  the  registering  apparatus,  placed  under 
the  ceilings  of  the  casemates,  showed  an  oscillation  of  from  4  to  5  milli- 
meters for  the  lower  surfiices  of  the  arches,  and  of  2  millimeters  for  the 
laiN:  the  largest  permanent  deformations  did  not  exceed  6  millimeters. 

The  feebleness  of  these  effects  was  attributed  to  the  fact  that  the  ex- 
plt^non  of  the  shell  took  place  at  the  moment  of  the  shock,  and  experi- 
aents  were  accordingly  made  with  the  object  of  rendering  the  action  of 
th<»  fase  so  slow  that  the  explosion  should  not  be  produced  till  after  tlie 
"hell  had  attained  its  penetration.  After  some  trials,  satisfactory  results 
▼ere  obtained^  and  the  shells  were  armed  ^nith  slow  fuses. 
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A  shell  (No.  16  of  the  sketch)  produced  upon  casemate  No.  1  a  crater 
of  4.20  meters  in  diameter,  which  was  almost  completely  filled  up  again 
by  the  falling  brick  of  the  earth ;  two  of  the  iron  rails  were  broken, 
and  six  of  the  cun^ed  plates ;  and  a  crack  15  c.  m.  wide  was  produced  in 
the  ceiling.  Another  shell  (No.  19)  having  attained  the  ceiling  of  case- 
mate No.  1,  where  it  joined  casemate  No.  3,  produced  a  crater  of  4.75 
meters  in  diameter  by  0.35  meters  in  depth,  with  the  sinking  of  a  part 
of  the  first  arch  of  brick  casemate  No.  3 ;  the  rails  which  served  as  plates 
were  forced  into  the  partition  wall  of  the  casemates,  causing  a  portion 
to  fall  down.  The  sinking  of  the  arch  extended  very  nearly  to  the  axis 
of  the  casemate.    (For  details  see  cuts  a',  b',  yz  and  vx,  Plate  VII  *•**.) 

The  superiority  of  the  effect  of  shells  with  slow  ftises  was  thus  well 
established.  The  interval  between  the  shock  and  the  explosion  of  the 
shell  varied  from  0.32  second  to  1.47  seconds.  The  little  powder  maga- 
zine was  struck  by  a  shell  not  charged  (No.  10),  which  traversed  com- 
pletely the  covering,  displaced  a  post  15  c.  m.  square,  split  it,  traversed 
the  flooring  joists,  and  buried  itself  32  c.  m.  in  the  ground. 

The  following  table  gives  the  results  of  fire  of  the  21  shells  which  struck 
the  group  of  casemates.  (On  Plate  VIII  the  points  of  Ml  of  the  loaded 
shells  are  marked  by  little  circles.) 


Xiimber  of  shots. 


1 
2  and  3 

4 
5 

9 


0) 
(•) 
(») 
(«) 
(•) 
(•) 

(■) 
(•) 


10 
llo 
12o 
18 

14o,  15o  ('•) 
16o  (") 
Ho  ('«) 
18o(") 
19o  ('») 
20o  ('«) 
21o  {'•) 


Kattixe  of  fUso. 


I 

o 


Tiwtanteneoqg 


Slow 


(t) 


Slow. 

...do 

...do 

...do 

...do 

...do 

...do 


Kilot. 
4.2 

1 2. 52 

3.092 
8.092 
3.692 
3.692 
3.692 
3.692 
3.692 
3.692 
3.692 
3.692 
3.692 
3.692 
3.692 
3.682 


I 


•I 
4 


i 


Deg. 
61 

Wk 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


2,845 

1,688 

2,586 
2,586 
2,586 
2,586 
2,586 
2,586 
2.586 
2,586 
2,586 
2,586 
2,586 
2,586 
2,586 
2,586 


1 


Meters. 
1.85 

1.85 


1.75 


\- 


70 


0.56 
0.35 


8.15 


4.20 


3.80 
4.75 


cB  c  9  e 


MiUim, 


8 


8 
10 


(')  Struck  the  middle  of  caaemate  TSo.  3  wlthoat  serious  effect. 

(*)  Stmck  the  front  slope  without  causing  iivjnry. 

(*)  Struck  on  casemate  2  ajs^ainst  the  front  wall,  and  forced  itself  into  the  upper  row  of  bricks  6  o.  m. 

{*)  struck  the  ftt>ut  slo^e  without  doing  ii\jury. 

(')  Burst  in  the  slope  without  other  damage. 

(*)  Struck  upon  casemate  No.  1  near  the  front  walL  causing  a  permanent  depression  of  2  m.  m. 

O  Traversed  the  ceiling  of  the  little  magazine,  displaced  a  post,  and  buried  itself  32  c.  m.  in  the  earth. 

(')  struck  casemate  3  and  produced  but  little  disturbance. 

(*)  Btrunk  alongside  of  the  preceding  and  produced  a  fissure  3  m.  in  length  by  1  m.  m.  in  width. 
("^  Struck  upon  the  slope  with  the  usual  effect. 
('>)  Struck  on  oasemate  1,  crater  refilled,  2  posts  broken,  5  onrved  pieces  of  2  o.  m.  cracked  15  c  m.  in 

width. 
(••)  Burst  in  the  slope.  .^,.»^ 

(")  Fell  upon  casemate  3 ;  degrailations  represented  on  Plate  vm. 
<^)  Struck  the  edge  of  casemate  3,  projecting  scmie  fragments  and  some  bricks  as  &r  as  the  fhmt 

slope. 
(-*)  Burst  in  the  mass  of  earth  of  the  little  magazine. 

In  summing  up  these  effects  it  will  be  seen  that  it  is  possible  with  the 
mortar  of  8  pouces,  fired  under  an  angle  of  60^  at  a  range  of  2,500  meters, 
to  group  a  considerable  number  of  shots  upon  a  restiictetl  surface,  and 
that  under  these  conditions  of  fire  the  effects  are  very  fonnidable  ui>oii 
casemate  covers,  the  ceiUngs  of  which  have  1  meter  of  thickness  of  brick 
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• 
and  y ton,  covered  over  with  2  meters  of  earth ;  the  cross  traverses  of 
oar  fortifications  would  not  resist  this  fire. 

The  experiments  at  Steiufeld  teach  us  nothing  as  to  the  effects  of  the 
fire  against  arches  of  masonry,  similar  to  tliose  of  our  great  powder- 
magazines  :  it  is  probable  that  these  archer  would  resist  isolated  shots, 
bat  would  be  too  feeble  to  sustain  the  effect  of  a  number  of  shots  luckily 
gpoaped.  Again,  upon  butts  presenting  such  large  surfaces  as  these 
magazines,  the  fliing  would  take  place  at  a  greater  distance,  by  which 
mow  powerful  effecte  would  be  obtained.  The  table  of  the  results  of  the 
iirmg  teaches,  in  fact,  that  imder  an  angle  of  6(P,  and  at  3,500  meters, 
tk  rectangle  circumscribed  by  25  i)er  cent,  of  the  shots  has  for  its  di- 
meiksons  about  30  meters  by  4  meters,  and  finally,  under  an  angle  of 
i«)Sand  at  a  range  of  4,500  meters,  25  per  cent,  of  the  shots  would  fall 
in  a  rectangle  of  42.5  meters  by  3.25  meters. 

The  Aostrians  have  concluded  fit>m  their  experiments  that  the  arches 
oaght  to  be  covered  with  not  less  than  2.50  meters  of  earth,  and  that 
the  craters  ought  to  be  filled  up  with  care.  They  are  equally  of  the 
(piion  that  blindages  with  iron  posts  and  rails  are  not  of  a  great  deal 
of  valae;  that  bliniUigesof  rails  especially  are  only  capable  of  resistance 
when  formed  of  rails  Uttle  strained,  joined,  well  supported  against  pieces 
of  rood,  with  a  maximum  span  of  2.50  meters,  and  covered  with  at  least 
2-jOmeters  of  earth. 

Ikyradatians  of  the  piece. — ^We  shall  terminate  this  study  of  the  mortar 
of  8  ponces  by  showing  the  manner  in  which  the  piece  has  sustained  the 
tfcct  of  long-continued  firing. 

A  mortar  having  received  the  different  modifications,  details  of  which 
li^Te  been  described,  was  fired  691  shots,  460  of  which  were  with  large 

^i^^^rgesof  6  livres  (3.360  kilos.);  the  degradations  ascertained  were  as 

ibflowg: 

The  rifling  showed  the  imprint  of  the  shocks  of  the  fuse-pins,  which 
Tfredetached  at  first  (this  defect  was  remedied  during  the  experiments). 
Ajiart  fix)m  that  the  edges  were  very  little  worn,  and  no  traces  were 
^"flWe,  either  of  leading  or  of  degradation  from  the  gas.  In  the  unrifled 
portion  some  i)orosities  were  detected,  and  some  Airrows  in  which  a 
P«t  many  small  cavities  were  recognized,  the  greatest  of  which  had  a 
^^ter  of  4  m.  m.  and  a  depth  of  1  m.  m.  The  recess  of  the  obturator 
^^  I«rfectly  even. 

The  enlargement  of  the  rifled  part  of  the  bore  was  0.18  m.  m. ;  that  of 
^e  unrifled  part  varied  fix)m  0.55  m.  m.  to  0.18  m.  m.  in  proceeding  fit>m 
titt  rwess  of  the  ring  to  the  conical  junction. 

The  end  of  the  vent-bush  was  disjointed  on  the  interior  by  a  width 
ofUntm.,  but  was  well  united  on  the  exterior;  the  diameter  on  the 
Ulterior  wa8  9.5  m.  m. ;  on  the  interior  13.2  m.  m. 

The  supporting  plate  of  the  ring  carried  by  the  coin  showed  some 
^ng.   The  system  of  fermeture  was  well  preserved  in  all  its  parts. 

Tpon  the  whole,  the  degradations  were  of  little  importance;  the  most 
*n«w  was  that  of  the  vent. 

5.  Austrian  bipled  mortar  of  6J  potjces  (182  m.  m.) 

The  excellent  results  obtained  mth  the  mortar  of  8  ponces  induced 
"^Aostrians  to  construct  another  on  the  same  system,  but  of  a  less 
'^Vr,  for  the  purpose  of  firing  against  shelters  less  resistant. 

Tbe  weight  of  the  loaded  shell  for  this  piece  is  about  33.5  kilos. ;  that 
"^the  interior  charge,  3.130  kilos.  A  caniage  was  also  provided,  which 
allowed  of  firing  imder  small  angles.  Some  experiments  have  been 
^e  with  incendiary  shells,  the  residts  of  which  are  unknown  to  us;  but 
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the  experiments  with  illumined  projectiles  (light-balls)  have  be^n  suc- 
cessful. 

Tlie  following  table  gives  some  of  the  results  of  the  firing  with  this 
mortar,  the  accuracy  of  which  is  remarkable. 

Fire  of  th^  Ausb'ian  martar  of  6^  pouces  (182  m.  to,). 


Charges. 

Angles. 

Ranges. 

Mean  deviation. 

Width  of  belta.  of  an  indefinite 
leusth,  containing  50  |i<>rir<*nt. 
oftheMhot«.  (Sides  of  tlu*T«H;t- 
angle  containing  25  per  cent.) 

Longitudinal. 

Lateral. 

• 

LongitndinaL 

Transreraely. 

Kilograms. 
0.450 < 

0.900 < 

1.350 

1.800 J 

2.250 i 

Degrees. 

60 
70 

80 
45 
60 
70 

30 
45 
60 
70 

30 
45 
60 
70 

8 

10 
20 
30 
45 
60 
70 

Meters. 
548 
460 
824 

1,309 

1,482 

1,262 

937 

2,053 
2,248 
1,911 
1,408 

2,804 
3,005 
2,645 
1,936 

607 
1,651 
2,761 
3,566 
3,968 
3,443 
2,448 

Meters. 
28.3 
16.1 
20.5 

13.7 
22.9 
13.2 
15.0 

30.8 
24.0 
22.8 
17.0 

23.3 
83.1 
25.3 
23.8 

5.8 
13.2 
21.8 
30.7 
28.3 
51.2 
29.0 

Meters. 
1.8 
2.6 
2.3 

1.7 

3.0 

L6 

10.0 

3.0 
2.7 
4.3 
4.7 

4.0 
4.3 
3.5 
6.5 

1.1 
1.6 
3.1 
3.8 
6.8 
14.5 
8.7 

Meters. 
48.0 
27.3 
34.3 

22.8 

:«.2 

21.9 
25.0 

50.5 
40.0 
38.0 
29.8 

38.7 
55.2 
42.2 
39.7 

9.6 
21.9 
36.2 
51.1 
47.0 
85.3 
48.3 

Metera. 
3.1 
4.3 
3.7 

2.8 

6.0 

2.6 

16.7 

5.0 
4.5 
7.2 
7.8 

6.7 

7.1 

5.8 

11.0 

1.8 

2.7 

6.1 

6.3 

8.7 
24.3 
14.4 

R^SUM^  AND  CONCLUSIONS. 

Comparison  oftJie  different  pieces  examined. 

It  appears  from  the  prece<ling  examination  that  the  principal  European 
artilleries  have  produced  rifled  howitzers  and  mortars  throwing  shells 
of  80  kilos,  with  sufiicient  accuracy  to  render  them  formidable  to  covertxl 
arches  or  blinds,  such  as  exist  at  the  present. 

Following  are  some  elements  for  a  comparison  of  these  different  pieces : 


]^ements. 


Xatnre  of  the  metal  of  the  piece. 


Method  of  loading 

Caliber  of  the  b<iro millimeters 

Len^rth  of  rifled  portion  (in  calibers) 

Number  of  prrooves 

TwiHt  (in  caliljera),  about 

Inclination  of  the  grooves  to  the  generatrices 

of  the  bore. 

Weight  of  the  piece kilos 

Weiplit  of  the  loaded  shell 

Weight  of  the  interior  charge  of  shell 

Maxiroura  Arinz-charge 

Ratio  of  the  weight  of  the  maxinmm  charge 

to  the  weight  of  the  projectile. 
Ratio  of  th«  weight  of  the  projectile  to  the 

weight  of  th«  piece. 

Maximum  initial  velocity meters. 

Maximum  range do. . 


France. 


Howitzer  of 
22  cm. 


Cast  iron, 
banded. 


MuEzle. 


England. 


Howitser  of 
8  inch. 


22a. 
9. 


00  to  60 

3,700 

79.8 

4.U 

6.0 

1  to  13 

1  to  46 

257 
5,220 


Wrought  iron 
with  steel 
tnlie. 

Muzzle 

208.2 

4.4 

4 

16 

110  6*  31" 

2.850 
81.4 
5.9 
4.53 
1  to  18 

1  to  29 


Pmraia. 


Mortar  of  21 
cm. 


AastriA. 


4,480 


Bronze. 


Breech . 


209.8 

5.5 

30 

25 

70 

3,025 

80.0 

5.0 

3.5 

1  to  23 

1  to  38 

215 
4,000 


Mortar  of  8 
po. 

Cast  iron. 


Broeoh. 

209.3 

4.1 

30 

00 

80  1'  16" 

4.6.'» 

87.0 

4.0 

5.G 

1  to  13 


X  to53 
4,500 
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It  will  be  seen  fix)in  this  table  that  the  French  howitzer  and  the  Aus- 
trian mortar  of  8  jm).  permit  of  the  attainment  of  the  greatest  ranges, 
but  also  that  their  weights  are  very  considerable ;  the  Austrian  mortar, 
particularly,  api)ears  to  have  an  exaggerated  weight  relatively  to  the 
effects  attainable  with  it ;  it  is  possible  by  the  sjstem  of  banding  to  reduce 
this  weight,  say,  at  least,  800  kilos.,  and  to  give  the  piece  a  greater  length 
of  bore,  which  would  permit  the  use  of  larger  charges  and  of  a  more 
progrtssive  powder,  by  means  of  which  ranges  of  6,0(K)  meters  should  be 
obtaiDed 

In  onler  to  compare  the  accuracy  of  fire,  we  have  calculated  the  ratios 
rfBand  /)  of  the  mean  de\dations,  longitudinal  and  lateral,  to  the  ranges. 
TbefoDowing  table  indicates  the  limits  between  which  these  ratios  vary 
for  the  different  angles  of  fire,  in  proportion  as  the  ranges  increase : 


not. 

90O. 

40O. 

45°. 

60O. 

B 

P 

R 

p 

B 

p 

B 

p 

Sea. 
^»^>k  Iwnritser 

f^uaa  Bortar  of 

Atoxk 

FHto,h 

A  to  A 
<^to,i. 

Tl»t0Hx 

TA»toas 

rHtoiAi 

zi« 

Sea. 
^<*SnaB0rtarof 

•  SI 

x^rtOri* 

A-^j^taastortarof 

▼Iv  to  «1k 

hn^ 

tB»  "^  M3m 

*A20o,R  =  Atoax;P-.iiitOi^. 

It  win  be  seen,  fix)m  a  study  of  the  figures  in  this  table,  that  the  French 
howitzer  has  above  aU  a  notable  inferiority  in  point  of  accuracy  of  range. 
"P^  Prtissian  mortar  (as  far  as  we  are  able  to  judge  from  the  limited 
information  at  our  disposal)  has  a  sensible  superiorly  over  the  Austrian 
nwrtarin  point  of  acciuracy  of  range;  but  the  acciu^acy  in  direction  of 
^  Austrian  mortar  is  very  much  greater  than  the  Prussian.  This  latter 
^  woald  tend  to  prove  that  the  Prussians,  notwithstanding  the  modi- 
fications successfully  introduced  in  the  plan  of  their  shell,  have  not  yet 
Ruiiewled  in  gi>ing  to  it  a  stability  upon  its  trajectory  comparable  to 
^  of  the  Austrian  shell.  In  respect  to  this,  however,  it  should  be 
olserved  that  the  inclination  of  the  rifling  in  the  Prussian  mortar  is  7^, 
^Me  in  the  Austrian  mortar  the  inclination  is  only  3^;  it  is  generally 
*bitted  in  Prance  that  the  inclination  of  the  rifling  for  large  pieces 
fbooM  but  little  exceed  4^. 

h  resx>ect  to  the  effects  of  fire,  the  difference  of  weights  of  projectiles 
tlrowii  by  the  pieces  examined  is  too  small  to  give  rise  to  the  supposition 
te  there  would  be  any  appreciable  difference  in  the  effects  of  penetra- 
tion for  the  same  angles  of  fire  and  the  same  ranges;  in  point  of  the 
fffw-ts  of  ex])Iosion,  the  English  shell,  owing  to  its  greater  bursting 
<*arj^e,  ought  to  be  the  most  powerful. 

Ctmdumanjs. — ^From  what  prece<les  it  is  to  be  concluded  that  the  French 
I^'witzer,  which  was  remarkable  enough  at  the  time  of  its  adoi)tion,  has 
^  tcMiay  a  snflBciently  accurate  fire  to  warrant  its  introduction  into 
^jre-trains;  for  the  armament  of  places,  and  the  pro\isional  armament 
f»f  rt^wt-batteries,  it  may  possibly  do  good  service,  because,  in  these  two 
f**e!t,  the  effects  of  isolated  ^hots  may  be  very  formidable,  notwithstand- 
n?  that,  in  order  to  obtain  serious  effects  against  the  very  solidly  con- 
^eted  shelters  of  a  place,  it  is  necessary  to  group  the  shots  upon  a 
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small  surface;  the  preceding  experiments  which  we  have  detailed  show, 
in  fact,  that  we  cannot  count  on  very  complete  results  against  shelters 
solidly  constructed,  if  we  are  not  able  to  remove  by  the  explosion  of 
some  of  the  shells  tne  mattresses  of  earth  which  cover  the  arches. 

STUDY  OP  A  BIFLBD  HOBTAB  OP  21  C.  M. 

It  is  fitting,  then,  in  France,  to  take  into  consideration  the  construction 
of  a  rifled  howitzer  or  mortar  of  21  c.  m.,  of  cast  iron,  banded,  or  of 
bronze,  throwing  a  shell  of  about  80  kilos,  weight  with  an  interior  charge 
of  6  kilos.,  as  near  as  may  be  possible.  This  piece  should  weigh  about 
3,600  kilos.  The  rifled  portion  of  the  bore  should  be  5  calibers  in  length, 
and  the  piece  be  loaded  by  the  breech,  in  order  to  give  the  shell  suffi- 
cient stability  ui>on  its  trajectory,  which  can  only  be  obtained  in  a  short 
piece  by  exact  centering  of  the  projectile,  an  end  much  less  difficult  to 
obtain  in  a  cannon  lo^ed  by  the  breech  than  in  one  loaded  by  the 
muzzle. 

With  the  length  of  bore  indicated,  a  firing-charge  of  6  kilos,  could 
probably  be  utflized,  and  of  a  powder  of  sufficient  high  density,  with 
mediiun-sized  grains,  to  give  promise  of  ranges  exceeding  5,000  meters. 

The  twist  of  the  24  cuneiform  grooves  should  be  about  1  turn  in  30  cali- 
bers. 

As  to  the  system  of  fermeture,  the  cylindroprismatic  coin  would  be 
most  advantageously  employed.* 

The  obturator  should  be  of  copper  or  of  brass ;  it  would  be  well,  if  pre- 
cise information  could  be  obtained,  to  make  atrial  of  the  Austrian  obtu- 
rator, which  appears  to  have  given  the  best  results. 

In  employing  cast  iron  for  the  fabrication  of  the  piece  the  shells  could 
be  fitted  with  bands  of  copper  or  of  zinc :  if  bronze  should  be  employed, 
the  bands  should  be  of  lead;  the  plan  or  the  chamber  for  the  i>rojectile 
adopted  for  the  cannon  of  the  marine  (mod.  1870)  would  be  well  suited 
to  either  of  these  two  systems  of  banding  projectiles. 

To  commuidcate  fire  to  the  bursting  charge  of  the  projectile  a  fuse  of 
double  reaction  should  be  employed,  such  as  has  been  previously  de- 
scribed for  the  shell  of  22  c.  m. ;  it  would,  however,  be  necessary  to  devise 
some  modification,  by  which  the  explosion  of  the  shell  shoidd  not  take 
place  until  its  penetration  was  completed;  this  result  would  probably 
be  attained  by  charging  the  primer  of  the  percussion  apparatus  with 
composition,  or  with  priming  powder  instead  of  sporting  powder. 

Finally,  it  would  be  necessary  to  study  the  possibility  of  firing  a  pro- 
jectile ^?ith  a  solid  head  of  chilled  iron,  especially  designed  to  pierce  the 
coverings  of  armored  cui)olas  and  the  decks  of  iron-cl^  ships. 

The  carriage  for  the  howitzer  should  be  of  plate-iron,  of  a  form  similar 
to  those  of  the  marine,  with  axle-brackets  carrying  to  1.60  m.  the  height  of 
the  axis  of  the  trunnions,  in  such  manner  as  to  permit  of  firing  under 
the  greatest  angle.  The  piece  having  a  very  slight  breech  preponde- 
rance with  the  projectile  in  place,  a  controlling  lever  would  suffice  to 
hold  it  in  all  positions.  The  supi>orts  for  the  trunnions  shoidd  be  of 
bronze,  similar  to  those  of  the  siege-carriage  of  24  c.  m.  The  movements 
of  the  carriage  upon  its  platform  would  be  facilitated  by  the  employment 
of  eccentric  rollers,  upon  sleeves  solidly  attached.  To  give  the  direction 
to  the  fire,  it  would  be  necessary  to  fUrnish  the  carriage  with  an  appara- 
tus for  indirect  pointing,  similar  to  that  of  the  Prussian  siege-carriages 

*  The  preference  is  given  to  the  cyliudro-prismatic  coin  over  the  screw  fermeture  of 
the  marine^  becaoBe  it  is  feared  that  the  latter  would  behave  badly  with  a  quick  powder. 


fiEFOST  OF  THE  CHIEF  OF  OBDNANCE.  107 

|£m«,t»me  LEI,  p.  2).    The  totalveightof  the  carriage  would  be  2,500 

A  carriage  of  this  kind  would  onlypermit  of  firing  undpr  great  angles; 
if  il  is  (Ie8ii«d  to  employ  the  howitzer  in  direct  fire,  it  would  be  necessarj' 
lo  adopt  a  carriage  admitting  of  a  greater  height  of  geuouill^re,  Buch  as 
that  of  the  Italiau  siege-howitzer,  described  in  the  article  of  Captain 
KaDceroa  (January,  1873,  page  311).  The  fire  under  small  angles  is, 
InveTer,  of  a  doabtml  utility  for  a  piece  of  this  kind. 

Il  Toold  hardly  be  practicable  to  transport  such  a  piece  upon  its  car- 
nap;  it  woold  seem  preferable  to  transport  the  piece  and  its  carriage 
Kpuately,  each  upon  aplatform  wagon.  With  the  trench-gin  the  piece 
onld  dtcD  be  mounted,  in  the  battery  itself,  upon  a  carriage  of  the 
mde]  indicated.  The  platform  ought  to  be  very  solid ;  it  »honld  be 
fofmecl  of  1  strong  sleepers  supporting  a  flooring  of  joists  2.00  m.  in 
Ita^  and  22  c.  m.  square. 


APPENDIX. 

Tteapparatns  for  indirect  pointiug  employed  by  the  Fmssians  in  the 
wpsof  the  war  of  1870-1871  is  thus  described  in  the  Bevue  (tome  III, 
|atK2): 

Il»«(tli«r»tiia  is  composed,  Ist,  of  a  trapezoidal  frame  of  iron  attached  to  the  axle 
"MUiofBtnps;  under  the  lower  ude,  aud  parallel  thereto,  iatlxed  a  graduated  plat« 


'^^nm.  WbeD  the  frame  is  lowered,  the  gradaatod  plate  tonchoa  the  platfonn;  but 
^^  not  nijiiiTeid  for  use  it  la  raised  up  and  secured^  by  hooking  it  to  some  rings  ou 
tMandaride  of  the  cheeks.  3d,  of  a  plate  Bimilar  in  form  and  Kratlnation  to  the  one 
y^T  nmiUoned,  which  is  attached  to  the  butt-end  of  the  trail ;  when  the  latter  in 
""■^  this  plate,  like  the  other,  oome«  in  contact  with  the  platform.  The  plate 
'*')■  n  •  hinge,  and  may  be  raised  up  and  fastened  to  a  spring-hook  on  tho  rear  trau- 

1°  uiu);  this  apparatus  it  la  operated  on  follovs :  The  Are  being  once  snitablj-  ad- 
^^  b;  nitans  of  direct  ubaervatioiia,  the  ditferuuce  which  exists  lietwern  the  gnidiiB> 
Inn  of  the  iwoplatta  is  noted,  the  readingu  Itciug  uiadu  from  the  lero  to  the  diiuctris, 
*-  &  iraccd  upon  the  platform. 

'» >ll  the  Hnng  that  follows  it  snfHceM,  in  order  to  point  the  piece,  to  TttHl  tho  gntd- 
'"'>«  of  the  fint  plate  that  coincides  with  the  directrix,  and  thnn  to  abift  the  trail  to 
*^°eIi1i>i  Itsfl  nutil  the  difference  between  the  graduations  of  the  plates  shall  be 
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equal  to  that  originally  noted.  The  gradnation  of  the  plate  is  arbitrary.  In  the  Prus- 
sian artillery  the  principal  divisions  are  40  m.  m.  apart,  and  these  intervals  subdivided 
into  10  equal  parts. 

These  graduated  scales  permit  of  maintaining  with  great  exactness, 
and  without  renewed  pointing,  a  line  of  sight  once  established,  which  is 
of  the  greatest  importance  in  firing  at  an  object  concealed  from  the 
view ;  they  also  i)ermit  of  varj'ing,  laterally,  the  point  of  fall  for  all  dis- 
tances, by  displacing  horizontally  the  i>oint  of  departure  of  the  line  of 
sight,  an  operation  required  in  breeching  masonry,  for  making  the  hori- 
zontal cut. 

This  method  of  pointing  was  employed  by  the  Prussians  with  great 
success  at  the  siege  of  Strasbourg,  in  batteries  without  embrasures,  for 
breeching  walls  of  masonry  by  a  plunging  fire. 
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APPENDIX  N. 

RECOIL   DYNAMOMETERS,    BY    FIRST    LIEUTENANT    HENRY    METCALFE, 
ORDNANCE  DEPARTMENT,  UNITED  STATES  AR^IY. 

(One  plate.) 

Frankpord  Arsenal, 

May  18, 1878. 

I  have  for  some  time  thought  that  the  present  manner  of  measuring 

the  recoils  of  small-arms  was  susceptible  of  some  improvement,  by  which 

the  great  differences  of  record,  due  solely  to  changes  of  dynamometer, 

eoold  be  eliminated  and  really  consistent  indications  obtained. 

As  a  case  in  i)oint  I  need  only  cite  the  pamphlet  on  small-arms  in  the 

Unit^  States  service,  Springfield,  1875,  where  the  recoil  of  the  lifle  is 

given  at  174  pounds.    In  the  Eeport  of  the  Chief  of  Ordnance,  1873,  p. 

^  it  is  given  at  123.6  pounds,  and  in  the  dynamometer  at  present 

employed  it  is  placed  at  about  95  pounds,  about  one-half  that  first  cited. 

Tb^  differences,  due  simply  to  the  use  of  springs  of  different  stiff- 
ness for  measuring  the  same  effect,  are  so  contradictory  that  one  can 
hardly  be  surpris^  at  the  amount  of  discussion  they  have  led  to,  nota- 
ry in  the  case  of  Captain  O'Hea  with  the  British  war  office  on  the  sub- 
ject of  muzzle  rifling.  (See  Proceedings  of  the  United  Senice  Institu- 
tion, 1S74  or  1876.) 

With  this  idea  in  view  it  occurred  to  me  in  1876  to  abolish  all  differ- 
wices  due  to  the  variations  in  the  springs  usually  employed,  by  dispens- 
ing with  them  altogether,  substituting  for  them  a  material  of  universally 
flnilbnn  resistance,  such  as  copper  or  lead,  and  measuring  the  recoil  by 
means  of  a  cut  made  in  the  material  by  a  Eodman  knife  interposed 
^^ween  the  metal  and  the  butt  of  the  gun^  in  the  manner  shown  in  Fig. 
-;  The  apparatus  was  slipped  into  the  sprmg-holder  shown  in  Ordnance 
^'oteXXXI.  The  spring  dynamometer  therein  described  was  used  in 
comparison  with  it. 

,  With  the  service  rifle  and  ammunition  cuts  were  obtained  correspond- 
in;:  to  a  pressure  of  about  1,900  pounds. 

^'ow,  according  to  the  generally  received  method  of  expressing  the 
'' recoil"  statically,  this  measure  of  1.900  poimds  is  as  tnithfid  a  one  as 
tbt  of  one  174, 123.6,  or  95  pounds,  ootained  by  determining  the  "  dead 
height"  necessary  to  compress  the  dynamometer  spring  to  the  same 
extent  as  that  due  to  the  recoil  of  the  gun.  This  enormous  and  insup- 
portable weight,  fairly  deduced  from  the  prevailing  theory,  shows  its 
absurdity. 

1  have  since  thought  of  a  hypothesis  by  which  these  data  may  be 
r^^nciled,  and  which  may  be  thus  announced : 

The  gun  in  recoiling  against  any  known  dynamometer  movesj  and 
nence  acqiures  "  vis  viva^  the  measure  for  which  should  be  in  dynamical 
^nits,  representing  the  work  the  gun  performs  by  its  inertia.  Prefer- 
aWy  this  should  all  be  expended  on  the  dynamometer,  where  it  can  be 
r^orded ;  but,  practically,  part  of  it  is  expended  on  the  gun  itself  by  it<s 
<^ange  of  form  in  consequence  of  the  resistance  of  the  dynamometer. 
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Generally  speaking,  the  stiffer  the  dynamometer  spring  the  more  will  the 
gun-stock,  mechanism,  &c..  be  distorted  and  heated  by  the  blow. 

Hence,  to  record  the  ftill  effect  of  the  recoil,  the  gun  should  be  as  in- 
compressible and  the  dynamometer  as  flexible  as  possible. 

Except  for  convenience,  it  should  be  disposed  with  as  a  material  ob- 
stacle, and  the  gun  be  made  to  lift  its  own  weight,  as  in  the  gim-peudu- 
lum. 

In  other  words,  no  recoil  dynamometer  is  necessary,  since  all  the  in- 
formation it  imparts  can  be  deduced  from  the  initial  velocity  of  the 
bullet,  its  mass,  and  that  of  the  gun. 

Should  a  dynamometer  with  a  spring  be  used,  the  scale-stem  should 
be  graduated  in  foot-pounds  expressing  the  work  done  in  compressing 
the  spring  to  different  degrees.  To  gr^uate  it  in  pounds  is  as  incorrect 
as  to  graduate  it  in  inches  and  to  express  the  recoil  in  terms  of  a  foot. 
For,  with  the  same  spring,  inches  and  pounds  are  convertible :  and  the 
prevailing  theory  re^juires  that  the  same  or  equal  springs  shall  be  used. 
To  show  what  errors  this  may  lead  one  into,  I  need  only  recall  the  fact 
that,  owing  to  the  difference  in  the  temper  of  the  spring  of  the  dyna- 
mometer recently  made  here  for  the  National  Armory,  it  was  found 
necessary,  by  agreement  with  Colonel  Benton,  to  falsity  the  scale  of 
pressures  so  as  to  obtain  similar  numerical  results  here  and  at  that  post. 

If  the  dynamic  theory  be  adopted  how  simple  it  all  becomes. 

Supposing  that  in  the  spring  the  resistance  varies  directly  with  the 
degree  of  compression — ^which  is  practically  true— the  quantity  of  work 
required  to  compress  the  spring  to  any  degree  is  given  by  the  formula 

Q=c-^        (1) 

Bartlett,  p.  39,  edition  1858.  In  which  G  denotes  the  resistance  of  the 
spring  when  compressed  through  a  distance  unity,  and  a  denotes  the 
observed  degree  of  compression. 

Owing  to  the  relation  between  the  resistance  and  compression  the 
curve  connecting  the  resistance  with  the  path  is  a  straight  line,  in- 
clined to  the  axis  on  which  the  compressions  are  laid  off  at  an  angle 
whose  tangent  =  C.    See  Fig,  1. 

The  area  included  between  this  line,  the  axis  of  abscissas,  and  the  or- 
dinate at  any  x)oint  on  that  axis,  measures  the  work  done  in  compressing 
the  spring  to  that  point. 

For  example :  let  G  s  32  pounds  and  a  =  3  inches :  then  from  the 
triangle 

Q  =  -^-  (96  X  3)  =  ^  =  144  inches-pounds  =  12  footpounds. 

Or  from  the  formula  Q  =  C  ^,  Q = 32-?-  =  144  inch-pounds  =  12  foot- 
pounds. "^  ^ 

Then,  if  the  quantity  of  motion  given  to  the  gun  by  the  force  im- 
pressing an  equal  quantity  of  motion  on  the  bullet  imparte  to  it  a 
velocity  of  recoil  capable  of  developing  a  living  force  =  24  foot-pounds  = 
2  Q,  the  spring  will  be  compressed  either  3  inches,  or  to  the  96-poimd 
rnark^  according  to  the  graduation  adopted. 

This  is  supposing  that  there  is  no  loss  of  effective  work  dne  to  the  dis- 
tortion of  the  gun,  &c.,  and  that  there  is  no  initial  tension. 

Suppose  that  there  is  an  initial  tension  to  the  50-pound  mark^  the 
spring  is  compressed  to  that  extent  by  hand  before  the  gun  is  fired,  i.  e., 
so  much  of  its  work  is  done  for  it  beforehand.  Does  this  relieve  it  of  its 
task  f    By  no  means.    So  to  speak,  it  merely  transfers  the  bench-mark 
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to  a  higher  level,  and  the  area  expressing  the  work  of  the  recoil  becomes 
trapezoidal  instead  of  triangular ;  consequently,  the  greater  the  initial 
tensdon  the  le«8  distance  will  the  slide  move  along  the  scale-stem  for  the 
Mme  recoil,  but  the  work  its  movement  covers  will  be  the  same.  The 
fwoil  which  with  no  initial  tension  moved  the  slide  from  0 — 3  will  now 
obIt  move  it  from  d  to  a  point  e,  so  taken  that  the  area  Zegf^  triangle 
0/*jOr0  3/=  <?ep*. 

It  18  consequently  imx>ossible  theoretically  to  get  the  tension  so  high 
as  to  prevent  any  movement  whatever  of  the  slide ;  practically  so,  t^, 
nntn  the  resistance  becomes  practically  infinitely  greater  than  that  of 
the  gun-stock  to  distortion. 

To  prove  this,  I  fired  a  rifle  with  20  grains  of  powder  and  one  ser\ace 
ballet  against  an  initial  tension  of  fifty  pounds. 

Inafflnneh  as  the  accepted  measure  of  the  recoil  with  70  grains  is  95 
poanis,  this  charge  should  give  a  result  about  ^  as  much,  or  say  30 
jioonds — fsLT  within  the  limits  of  the  initial  tension.  Consequently,  under 
the  existing  theory  there  should  be  no  recoil  indicated. 

On  trial,  however,  I  obtained  recoils  from  50 — ^62  pounds,  correspond- 
ing to  compressions  0''.215 — 0''.365. 

With  the  same  charge,  and  with  the  spring  set  at  an  initial  tension 
of  90  pounds,  three  times  the  estimated  jpressure  of  the  recoil,  I  obtained 
a  reeoil  measured  by  the  scale  of  95  pounds,  compression  0^MG8. 

The  success  of  the  exi)eriment  led  me  to  carry  it  further  by  firing  with 
10  ip-ains  of  powder  against  initial  tensions  of  50  and  90  pounds. 

The  recorded  recoils  were  respectively  52  and  91  pounds,  measuring 
about  (K'.OT  and  0".05  compressions. 

The  valae  of  these  recoils  computed  dynamically  are,  for  tlie  20-graiu 
at  oO  and  90  i>ounds  tensions,  respectively,  1.208  and  1.347  foot-pounds. 

For  the  l(>-grain  charge  the  values  are  0.316  and  0.394  foot-pound. 
Tbe  ooiresponding  velocities  were  too  low  to  be  conveniently  taken. 

These  values  and  those  hereafter  given  are  only  approximate,  owing 
Xti  the  difficulty  of  measuring  the  small  degrees  of  compression  Avithout 
special  instruments.  They  serve,  however,  to  illustrate  the  principle 
invoked. 

Which  method  is  the  more  rational — a  mode  of  measurement  which 
for  the  same  gun  and  cartridge  gives  the  same  or  nearly  the  same  result, 
whatever  the  accidental  peculiarities  of  the  spring  may  be,  and  which 
p>€8  results  reasonably  comparable  with  each  other,  when  the  condi- 
tioM  differ ;  or  a  system  which,  taking  no  heed  of  initial  tension  extra- 
aeoiLsly  produced,  gives  for  precisely  the  same  recoil  a  measured  jwc»- 
^ft  of  either  95  or  115  pounds,  according  to  the  initial  tension  which 
fflay  have  be  enselected  (see  Table  I,  po«f ),  and  which  may  be  so  arranged 
^  to  give  for  20  giains  of  powder  the  same  pressure  given  for  70  grains, 
^9opaundJif 

We  are  told  that  these  recoils  in  pounds,  though  not  absolutely  correct, 
yet  are  comparative ;  this  I  deny.  Take  indicated  recoils  of  90  and  100 
poands.  If  these  can  be  compared  in  any  but  the  broadest  sense,  viz, 
that  one  is  somewhat  greater  than  the  other,  the  scale-marks  mean  that 
thwe  is  a  difference  between  them  of  10  per  cent,  of  the  greater  one.  A 
awment's  consideration  of  the  triangle  of  work.  Fig.  1,  wiU  show  this  to 
he  untrue.    The  real  difference  is  nearly  25  per  cent. 

It  then,  this  mode  of  measurement  is  neither  absolute  nor  comparative, 
what  is  it  good  fort 

I  would  respectfhlly  recommend  that  the  three  dynamometers  now  ui 
»eniw  be  altered  to  receive  springs  with  no  initial  tensions,  and  that 
the  acale-stems  be  graduated  in  foot-pounds. 
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EXPERIMENTS. 

In  order  to  make  the  inyestigation  as  complete  as  possible,  I  have  fired 
the  service  rifle  and  carbine  with  their  own  and  each  other's  ammuni- 
tion, both  for  initial  velocity  and  recoil ;  varying?  the  initial  tension  from 
50 — 90  i)ounds  by  slipping  washers  of  suitable  thickness  around  the  slide- 
stem  of  the  recoil  apparatus. 

The  results  are  given  in  the  accompanpng  Table  L 

The  velocities  were  obtained  for  use  with  the  formula  herewith  deduoe<l. 

Let  m  w  and  v  and  M  W  and  V  represent  the  mass,  weiglit  in  pounds, 
and  initial  velocity  of  the  bullet  and  gun  resixictively,  then — 

m  t?  =  M  V, 

But  the  work  of  recoil  =  Q  =  ^^  =  ^V« 

2  2g 

substituting  the  above  value  of  V, 


Q=2- 


Let  M>=:iJ^  pounds. 


(2) 


For  the  rifle  let  W=:  9  poimds ;  and  for  rifle  ammunition  let  v  =  1320 
feet ;  and  for  carbine  ammunition  let  v  =  1172  feet. 

For  the  carbine  let  W  =  7  pounds ;  and  for  rifle  ammunition  let  r  =  1200 
feet ;  and  for  carbine  ammunition  let  v  =  1113  feet. 

(Note. — The  ammunition  for  both  recoils  and  pressures  was  prepared 
at  the  same  time,  fix)m  weighed  charges  of  the  same  lot  of  iwwder,  Hsiz- 
ard's.  The  giuis  were  weighed  carefully,  and  were  not  changed  through- 
out the  experiment.) 

Supplying  the  data  in  equation  2,  we  get  the  following  quantities  of 
work  of  recoil : 

For  the  rifle,  with  the  rifle  cartridge,  10.077  foot-pounds. 

with  the  carbine  cartridge,  7.94  foot-i)ounds. 

For  the  carbine,  Mith  the  rifle  cartridge,  11.805  foot-pounds. 

with  the  carbine  cartridge,  9.211  foot-i>ounds. 

It  is  found  that  the  compression  of  the  spring  in  service  here,  from 
0 — 50  iK)und8,  is  1".65;  and  trom  50 — 110  pounds  =  1".88.  Total  com- 
pression, 3".53.    This  divided  by  110  gives  C  =  32.1  pounds. 

Applying  equation  1  to  this  case,  we  find  the  work  done  in  producing 
the  initial  tension,  by  compressing  the  spring  to  the  50-lb.  mark  =  3.G41 
foot-i)ounds. 

K  the  spring  be  set  at  the  60-lb.  mark,  a  =  1''.65  +  0^^.315  =  1''.965,  and 
Q=E 5.105  foot-pounds; 

If  at  the  70-lb.  mark,  a  =  2''.28  and  Q  =  6.953  foot-iwunds ; 

If  at  the  80-lb.  mark,  a  =  2".595  and  Q  =  9.007  foot-pounds } 

If  at  the  90-11).  mark,  a  =  2''.91  and  Q  =  11.325  foot-iK)unds. 

For  any  observed  recoil  we  add  the  measured  compression  to  the  ini- 
tial compression  and  obtain  the  corresponding  quantity  of  work.  From 
this  deduct  the  work  done  by  the  initial  compression,  and  the  result  will 
be  the  indicated  work  of  the  recoil,  Tliis  will  never  be  fully  equal  to  the 
actual  work  of  the  recoil,  since  part  of  it  is  rendered  non-ettective,  as 
before  explained.  This  loss  will  increase  with  the  severity  of  the  recoil ; 
as  in  firing  rifle  cartridges  from  the  carbine  or  rifle,  since  the  i^esistance 
of  the  gun-stock  remains  unchanged. 
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it  will  also  increase  with  the  initial  tension. 

On  the  other  hand,  with  an  absolutely  slight  recoil,  as  from  the  carbine 
cartridge  in  the  rifle,  only  slight  differences  might  be  expected  from  even 
cuDsklerable  variations  of  initial  tension. 

Table  I. 


•^4 

o 

Moan  readings. 

a 

Ammunition. 

Theoretical  work 
recoil  in  fuot-poun 

1 

1 

1 

Is 
1 

Mean   of  number 
fires. 

Mean  indicated  w 
of   recoil    in    fi 
pounds. 

Aim. 

1 

Inches  of  com- 
pression. 

OS'S 

GO 

KIc 

Rifle 

10.077 

so 

60 

5 
3 

94.8 
99.9 

L38 
L20 

8.67 
8.28 

12.75 

70 

2 

108.0 

L21 

9.34 

80 

3 

109.6 

0.92 

7.52 

90 

1 

115.0 

0.75 

6.60 

Carbine 

7.94 

50 
60 

5 

3 

85.6 
91.3 

LOO 
0.969 

6.42 
6.35 

9.5 

70 

3 

98.6 

0.899 

6.57 

80 

3 

106.0 

0.806 

6.46 

90 

3 

115.0 

0.725 

6.34 

i^^^*« 

Blfle 

1L805 

50 
60 

5 
3 

98.0 
103.6 

L519 
L363 

9.78 
9.65 

14.5 

70 

3 

108.0 

1.210 

9.34 

80 

8 

110.3 

0.967 

7.95 

90 

3 

115.3 

0.756 

•    6.65 

Carbine 

9.211 

60 
60 

8 
3 

86.75 
94.3 

L206 
L089 

7.18 
7.30 

10.25 

70 

2 

102.0 

LOO 

7.44 

80 

2 

107.0 

0.85 

6.91 

90 

1 

116.0 

0.74 

6.49 

Hiis  shows  that  the  lower  the  tension  the  nearer  the  readings  get  to 
r^m«entijig  the  actual  work  of  the  recoil. 

This  may  be  shown  conversely  by  increasing  the  initial  tension  to  a 
^ery  high  point,  as  in  using  a  copper  disk  instead  of  the  spring,  and 
Dtt^Asuring  its  change  of  form  by  the  Rodman  method.    (Fig.  2.) 

By  a  somewhat  tedious  process,  which  I  need  not  fully  explain,  I  was 
able  to  determine  the  work  done  in  making  cuts  in  the  copper  corre- 
^iHmding  to  those  inflicted  by  the  recoil. 

The  penetrations  were  calculated  for  a  cutter  radius  ==1".5 ;  from  them 
aeorveof  resistances  was  laid  off,  and  its  area  taken  at  the  given  points. 

The  curve  expressing  the  relation  between  the  penetrations  and  the 
I^t^^ures  was  apx)roximately  a  straight  line. 


Table  II. — Measurement  of  recdU  by  Bodman  knifey  ^*c. 

Ann. 

Ammunition. 

Theoretical  work  of 
recoU  in  foot-pounds. 

1 
f 

-0- 

Corresponding  pres- 
sure, pounds. 

Indicated  work  of  re- 
coU  in  foot-pounds. 

Shock  value  of  cut  in 
foot-pounds  by  ex- 
periment. 

B* 

Rifle 

10.077 
7.94 

1L805 
9.211 

0".6776 

0".6968 
0".6546 

0". 0390 
0".034O 
0".041 
0".036 

1900 
1600 
2000 
1725 

3.66 
2.69 
4.0 
3.12 

4.75 

Carbine 

3.75 

Cirtiae 

Rifle 

5.3 

Carbine 

4.2 

- 

8  0RD 
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The  last  column  gives  the  value  of  a  blow  fix)m  a  falling  weight,  which 
made  a  cut  of  the  same  length  as  that  of  which  the  dynamical  equiva- 
lent had  been  calculated  by  the  method  above  referred  to. 

The  same  method  of  verifying  the  deductions  from  the  compression  of 
the  spring  was  adopted. 

Seven  and  nine  pound  weights  were  dropped  from  different  heights  on 
the  recoil-spring  set  at  an  initial  tension  of  50  pounds.  For  the  result* 
see  table  I. 

It  will  be  observed  that  the  shock  values  with  the  spring  bear  to  the 
indicated  work  of  the  recoil  very  uniformly  the  ratio  of  1.45  :  1.0. 

With  the  copper  the  ratio  is  1.34  : 1.0  very  uniformly. 

This  difterence  is  one  observed  in  all  similar  comparisons,  and  is 
probably  due  to  inertia  developed  in  the  particles  of  the  spring  and  cop- 
per by  the  rapid  application  of  the  blow.  The  difference  between  the 
ratios  can  readily  be  accounted  for  on  the  score  of  errors  of  observation. 

Tlie  foregoing  paper  was  forwarded  by  the  commanding  officer  of 
Frankford  Arsenal  to  the  Chief  of  Ordnance  U.  S.  A.,  on  May  22, 1878, 
with  the  following  indorsement,  viz : 

"  I  have  examined  Lieutenant  Metcalfe's  rei)ort,  which  shows  careful 
study,  and  believe  his  deductions  to  be  correct.  The  spring  in  the  recoil 
dynamometer  should  be  compressed  sufficiently  by  the  recoil  of  the  ^m 
to  admit  of  acciu:ate  measiu'ement  within  prescribed  limits,  but  not  so 
much  as  to  cause  the  butt  of  the  gun  to  rise  sensibly  in  it«  rearward 
motion.  By  making  the  recoil  scale  to  represent  units  of  work  in  its 
divisions  rather  than  Htatical  pressures^  like  causes  will  give  equal  num- 
bers of  units  of  work  when  the  springs  in  the  dynamometers  vary  in 
stiffness,  the  same  unit  for  distances  of  compression  being  used  in  all 
cases;  that  is,  C,  in  different  instruments,  always  representing  tlie 
weights  required  to  compress  the  springs  through  the  distance  unity. 
I  would  respectfully  recommend  that  the  scales  which  register  recoils  ou 
the  recoil  dynamometers  be  graduated  according  to  units  of  work.'' 

It  was  thereupon  referred  to  Lieut.  Col.  J.  G.  Benton,  commanding 
the  National  Armory,  Springfield,  Mass.,  who  recommended  that,  as 
Lieutenant  Metcalfe's  views  were  evidently  sound  in  theory,  they  be 
carried  out  in  practice ;  and  the  Chief  of  Ordnance,  under  date  of  June 
14, 1878,  directed  that  in  future  all  dynamometers  will  be  graduated  as 
recommended  in  the  foregoing  report. 

S.  C.  LYFORD, 
Major  of  Ordnance. 


PLATE  1. 
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APPENDIX  Nl. 

TESTS  OF  LUBRICANTS   FOR   MACHINERY.      BY   FIRST    LIEUT.    HENRY 
METCALFE,  ORDNANCE  DEPARTMENT  UNITED  STATES  ARMY.- 

(Two  plates.) 

Frankford  Arsenal, 

May  27,  1878. 

A  simple  and  efficient  way  of  determining  expeiimentally  the  co-effi- 
etent  of  friction  on  tmnnions  and  axles  has  long  been  desired.  While 
engaged  at  the  National  Armory,  five  years  ago,  in  preparing  rules  for 
tlie  inspection  of  lubricating  oils,  I  devised  the  instrimient  shown  in  Fig. 
1  as  a  convenient  method  of  comparing  the  lubricating  qualities  of 
vanoos  oils. 

The  box  A  is  filled  to  the  level  of  the  wire  B  with  water  at  a  temper- 
ature noted  by  the  thermometer.  A  measured  quantity  of  oil  having 
Wn  placed  in  the  oil  cup  C,  it  passes  down  through  its  stem  to  the  steel 
juonial  J.  The  bearing  B  is  ground  to  fit  closely  the  journal,  generally 
oHmected  with  an  emery  grinder,  belted  ready  for  running  at  a  high  speed. 
The  journal  being  set  in  motion  with  an  approximately  uniform  velocity, 
the  thermometer  is  watched  until  the  temperature  of  the  water  in  which 
the  bulb  is  immersed  has  been  raised  any  given  number  of  degrees,  say 
3P.  The  time  so  required  is  taken  as  the  measure  of  the  lubricity  of 
the  oil 

The  arrangement  worked  with  fair  accuracy,  as  will  be  seen  from  the 
table  accompanying.    The  variation  is  ordinarily  only  about  6  per  cent. 

Table  L 

TesU  an  new  oil-testing  machine. 

The  saddle  was  made  of  brass,  30  pounds  pressure,  on  an  area  of  1.6042 
^ipiare  inches. 
Weight  of  water  at  maximum  density  =  0.0955  pound. 
Volome  of  water  =  2.646  cubic  inches. 
Shaft,  diameter  1''.06,  running  at  3,330  revolutions  per  minute. 

Time  required  to  raiee  water  2KP  F, 


%iMMd  sperm 

^"«a....r. 

^likfiivd  raixtuns  (|  "C,"  |  sperm)* 

|viMker*'tnie'*  sperm 

I; Qikfacd  sperm* 

ftankfordlud 

%B«MdUnl 

XtJLsommfir 

Jf«ilwlirt«r 


2 
2 

1 
1 
1 
1 
1 
1 
1 
1 
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05 
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50 
60 
40 
40 
35 
85 
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2 
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1 
1 
1 
1 
1 
1 
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17 
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45 
45 
42 
40 
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22 
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2 
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1 
1 
1 
1 
1 
1 
1 


a 
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20 
07 
55 


43 
40 
40 
30 
35 
38 
15 


130 

126 

116 

116 

107 

106 

102 

97 

06 

06 

70 


See  Plate  n. 


See  Plate  U. 


*  This  was  afterward  discoTered  to  be  whale  oiL 
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These  results,  though  roughly  comparative,  lost  a  great  part  of  their 
value  from  their  failure  to  account  for  the  heat  due  to  the  work  of  friction 
which  was  dissipated  by  radiation  and  conduction ;  otherwise  the  work 
of  the  friction,  and  hence  the  co-efficient  of  friction,  might  be  acciu^tely 
deduced  from  the  mechanical  equivalent  of  the  quantity  of  heat  devel- 
oped by  it,  as  in  Eumford's  celebrated  experiment. 

The  instrument  was  also  evidently  deficient  in  not  taking  into  account 
the  endurance  of  oils  for  long  runs,  nor  the  resistance  due  to  their  vis- 
cosity.   In  fact,  each  experiment  was  limited  to  a  single  observation. 

Besides  these  objections,  the  oil  to  be  tested  could  never  be  tried  under 
the  actual  conditions  of  its  use,  but  had  to  be  tested  on  a  bearing  often 
far  diflerent  fi^m  that  which  it  was  intended  to  lubricate. 

The  value  of  the  co-efficient  of  friction  may  be  deduced  from  the  quan- 
tity of  heat  developed  by  the  friction,  by  the  following  reasoning : 

multiplying  both  numbers  by  «  =  2  ;r  E  N, 

but  F«  =  Q  =  work  done  by  the  friction,  therefore 

Taking  the  case  of  Springfield  sperm  oil.  Table  I,  the  heat  due  to  the 
work  of  friction  will,  approximately  speakmg,  raise  in  139  seconds  ^q 
pound  of  water  20°  F. 

This  is  equivalent  to  raising  2  pounds  1^,  or  Q  =  2  thermal  units. 

But  1  thermal  unit  =  772  foot-pounds,  therefore  Q  =  1,544  ibot-pounds, 
and — 

•^=  w2^rRN' -^ = *^  ^  W^ 

or 

•^  -  30  X  J^  X  3.14  X  3330  x  2.32  "" 

This  is  surprisingly  near  the  results  by  the  other  method.  (See  page 
120.) 

Tlie  different  results  obtained  with  the  other  oils  are  probably  due  to 
their  different  adaptability  to  the  nature,  size,  and  speed  of  the  bearings. 

A  NEW  METHOD  OP  DETEBMININa  AXLE  FRICTION. 

The  following  method  then  occurred  to  me  for  determining  with  exact- 
ness the  co-efficient  of  friction,  f  See  Fig.  2.)  I  selected  an  ordinary  draw- 
press  (see  Ord.  Mem.  VIII),  ana  having  removed  the  clutch,  ran  the  fly- 
wheel upon  the  eccentric  shaft  by  a  belt  from  the  adjoining  line  of  shafr- 
ing,  the  bearing  of  the  wheel  upon  the  shaft  being  previously  anointed 
with  a  measur^  quantity  of  oil,  viz,  5  to  15  drops.  After  running  any 
given  time,  the  belt  was  thrown  off  in  such  a  way  as  not  to  retard  the 
wheel,  and  the  wheel  allowed  to  run  down.  Supposing  the  final  unpulse 
of  the  i)Ower  to  be  constant,  the  best  oil  would  ^ield  the  greatest  number 
of  turns  before  stopping  and  would  run  the  longest  time. 

Such,  roughly,  is  the  principle  of  the  machine.  The  details  are  devel- 
oped by  the  following  discussion : 

A  fly-wheel  is  set  in  rotation  with  an  angular  velocity  =  0. 

The  source  of  power  is  removed,  and  the  wheel  is  allowed  to  run  down 
until  stopped  by  the  resistance  of  the  friction  on  its  axle  and  that  of  the 
air. 


and 
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The  latter  resistance  is  neglected  in  this  discussion. 

The  living  force  of  the  wheel  at  the  initial  moment  of  the  observation 
=  L  =  M  K*  ^ ;  where  M  =  mass  of  the  wheel  and  K  is  its  radius  of 
gyration.  This  is  equal  to  twice  the  work  of  its  inertia  in  stopping, 
consequently  calling  the  work  of  its  inertia  Q  =  we  have — 

Q=^V.  (1) 

But  the  work  of  inertia  of  the  wheel  is  overcome  by  the  work  of  the 
forw  of  friction  (F),  acting  over  a  path  =  2  r  B  N,  in  which  K  is  the 
radius  of  the  eye  of  the  wheel  and  N  the  number  of  turns  the  wheel 
makes  before  stopping.  The  work  of  the  ftiction,  then,  since  it  is  a  con- 
stant force,  must  be  equal  to  its  intensity  F  multiplied  by  its  path,  or 

(y  =  F27rEN; 

but 

F27rEK=r?i^(?«,  (3) 

That  the  force  of  friction  is  a  constant  force  has  been  determined, 
ei[jerimentally,  to  be  true  within  widely  varying  velocities;  conse- 
quently, as  during  the  stopping  of  the  wheel  the  only  variable  is  the 
ycioeity,  and  its  variation  is  not  a  great  one,  the  rotation  of  the  wheel 
in  stopping  may  be  considered  as  a  case  of  uniformly  retarded  motion, 
the  mean  velocity  of  which,  0*^  is  half  the  initial  velocity  0^ 

*'  =  !•  (5) 

Returning  to  equation  (4),  let  t  be  the  time  in  seconds  of  one  turn  at  the 
wte  at  which  the  wheel  is  going  at  the  moment  of  removal  of  the  rotat- 
ing power, 

thentf  =  ?_?  (B  =  1);  but  from  Eq.  (5)  t  =  ^,  t'  being  the  mean  time  of 
t  It 

S 
ooe  turn  in  stopping,  which  is  equal  to  ~  S  being  the  time  in  seconds 

required  to  stop. 
Sot  =  _jand^  =  ^=.-^;  and^  =  _g^. 

Substituting  in  Eq.  (4),  viz : 

F-    MK»   p, 

^ E~^'  (6) 

Bnt  calling/ as  the  co-efficient  of  friction,  or/ =p,  and  allowing  the 
weight  alone  of  the  wheel  to  act,  we  have — 

-     4MK»;rlir    .    .„     W 
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consequently,  under  this  supposition,  the  most  natural  one  for  i>ractice 
with  loose  pulleys,  by  substituting  the  value  of  M, 

•^■^    lig  S*'  (7) 

For  any  given  wheel  and  place,  K,  ?:,  E,  and  g  are  constant,  hence  the 
above  may  be  written — 

/-^gi-  (8) 

If  the  wheel  be  driven  at  an  approximately  constant  speed,  we  can 
obtain  approximately  accurate  results  by  sux)posing  the  ratios  of  N  to  S 

to  remain  constant,  since  f  =  --p. 

In  this  case  equation  (8)  becomes 

/=  C' g  (9),  or  conversely  I  =  ^, 

C  being  equal  to  C  =^,  p  being  the  rate  in  terms  per  minute  at  which 

the  wheel  is  driven;  or  the  lubricating  value  of  an  oil  is  directly  in  pro- 
portion to  the  time  which  the  wheel  will  consume  in  running  down  after 
the  power  giving  it  rotation  is  removed;  this  power  being  constant  for 
different  trials  and  the  wheel  being  only  subject  to  the  retarding  force  of 
friction. 

K  =  the  radius  of  gyration  can  be  obtained  by  hang- 
ing the  wheel  as  a  comi)ound  pendiQum  giving  K  vibra- 
tions per  hour. 

K*^le  —  ^ 

J  _  V  (36()0)* 

The  following  are  the  data  for  the  wheel  under 
trial: 

Log. 

V  for  Frankford  Arsenal  =    39''.0977  =  1. 5021520 

g  for  Frankford  Arsenal  =  3a5''.88      =  2. 5864517 

N  =  72  beats  per  min.  =  4320  per  hour  «  3.  ^35484 
e  =  14".3  =  distance  from  center  of  wheel  to  x>oint  of  supports  1. 155336 
W  =  303  i)ounds. 

^  =  0. 497150 

K  =  13".556        1. 132137 

K*  =  2. 264275 

E  =  radius  of  eye  of  wheel  ^"'}^       0. 031408 

(length  of  axle-arm  bearing  =  5''.0) 
from  this  a  value  for 

C  =  5.5670 ;  log.  C  ==  0.745625. 
A  table  is  formed  for  diflferent  values  of  —  giving  the  logarithm  of  the 

quotient;  entering  this  with  the  logarithm  of  the  number  of  turns  made 
before  stopping,  the  logarithm  of/  is  found  by  addition. 

Keeping  the  wheel  in  constant  motion  except  during  the  time  con- 
sumed in  taking  observations  at  regidar  intervals — sav  of  5  hours — a 
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mean  value  for  /  can  be  found  at  each  of  the  intervals  and  laid  off  as  an 
ordinate  from  an  axis  of  abscisses  divided  for  hours. 

The  extremities  of  these  ordinates  being  joined,  a  curve  will  be  found 
showing  the  endurance  of  the  oil  at  different  times,  and  for  equal  times 
the  lubricity  of  the  oils  may  be  compared  inversely  by  the  areas  limited 
by  their  corresponding  curves. 

ExampU. 


OiL 

Bate. 

Time. 

Hoars 
run. 

See. 

N. 

/. 

White  (called  '*  sperm  ") 

Maroh22 

U.30 
5.30 

24 
29 

70 

69.6 

66 

59 
61 
60 

29.5 

29 

29 

27 

26.5 

26.5 

0.03352 

March  22 

0.03343 
0.03706 

Whale  (called  '*  si>enn  ") 

.03467 
0.04319 

0.08965 
0.04239 

.04174 

The  following  points  require  attention : 

L  The  results  first  obtained  with  a  fixed  axle  were  so  high  and  irreg- 
ular as  to  make  me  suspect  their  anomalies  to  be  due  to  the  denudation 
of  the  top  of  the  axle  by  the  revolution  of  the  wheel,  in  this  manner: 
Suppose  the  eye  of  the  wheel  to  be  practically  larger  than  the  axle ;  as 
the  oil  is  swept  flx)m  the  line  of  contact,  the  upper  element  of  the  axle, 
it  runs  down  the  side  and  collects  beneath  the  axle  in  a  film  of  greater 
or  lesser  thickness.  This,  does  no  service  in  lubrication  unless  it  be- 
a>mes  heavy  enough  to  drag  against  the  eye  of  the  wheel  and  be  car- 
ried by  it  to  the  upper  element  of  the  axle. 

Again,  this  line,  or  rather,  from  the  compressibility  of  the  materials 
of  which  the  eye  and  axle  are  made,  this  area  of  con^t  becomes  worn 
and  highly  polished  in  the  course  of  50  hours'  run.  In  cleaning  the 
axle  for  the  next  trial  the  same  surface  may  or  may  not  suppoit  the 
wheel,  and  thus  cause  a  very  material  difference  in  the  result.  So  to 
equalize  matters,  and  to  distribute  the  wear,  I  put  a  crossed  belt  on  the 
head  of  the  eccentric  shaft,  running  it  from  the  same  line  shaft  at  about 
54  revolutions  per  minute  in  a  direction  contrary  to  that  of  the  revolu- 
tion of  the  wheel  which  ran  at  53  revolutions. 

The  effect  was  immediately  evident  in  the  increase  of  the  number  of 
turns  and  of  the  time  required  to  run  down,  although  the  relative 
velocity  of  the  contiguous  surfaces  was  doubled. 

II.  Although  the  wheel  ran  very  uniformly  at  the  rate  of  53  turns  per 
minute,  yet  during  that  minute  the  rate  of  rotation  was  always  varying 
in  consequence  of  the  inability  of  the  steam-engine's  governor  and  fly- 
wheel to  compensate  instantaneously  for  drafts  made  on  the  source  of 
power. 

Hence  the  arrangement  shown  (equation  5),  by  which  the  impulse  is 
not  regarded  as  constant  and  differences  in  the  initial  velocity  are 
allowed  for. 

The  importance  of  this  arrangement  becomes  apparent  when  it  is 
considered  that  even  when  the  co-efficient  of  friction  is  great  a  suffi- 
ciently forcible  impulse  may  give  as  great  a  number  of  turns  and  may 
cause  the  wheel  to  turn  as  long  a  time  as  from  a  weaker  imx)ulse  with 
less  friction. 
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Experiment  fully  justifies  the  compensating  power  of  the  formula 
finally  deduced.    (See  pp.  668^  669,  and  670.) 

III.  The  wheel  was  imperfectly  balanced,  so  that  its  running  was 
often  unduly  prolonged  in  point  of  time,  in  consequence  of  the  passage 
of  the  heavy  part  by  the  center  just  as  the  motion  was  about  to  cease. 
The  eye  of  the  wheel  contained  several  blow  holes  which  served  as  oil 
IKKjkets.  The  axle  was  rough  in  the  beginning  of  the  experiment. 
There  was  more  or  less  lateral  friction  against  the  shoulder  and  washer. 

With  this  arrangement  the  results  recorded  in  the  accompanying  dia- 
gram were  obtain^ ;  the  mean  of  at  least  three  trials  being  taken  at 
each  observation. 

The  influence  of  continued  wear  of  the  rubbing  surfaces  is  plainly 
shown  by  the  relative  position  of  curves  representing  repeated  trials  of 
the  same  oil,  as  shown  by  the  accompanying  legend.  The  viscosity  of 
the  oils  when  first  applied  is  shown  by  their  comparatively  high  Mo- 
tional values. 

Good  sperm  oil  after  exhaustion  of  its  fluidity  would  coat  the  bearing 
with  a  smooth  sort  of  glaze,  on  which  the  running  would  continue  with- 
out material  change. 

This  was,  however,  a  dangerous  condition  of  affairs,  for  the  slightest 
break  in  this  film  might  have  brought  the  naked  metals  in  contact  and 
have  caused  them  to  be  galled  or  welded  together. 

To  test  the  question  of  the  independence  of  the  formula  (equation  8) 
from  the  force  of  the  initial  impulse,  two  sets  of  observations  were  made 
on  the  same  oil — G — 0  hours.  First  run  by  steam-power  in  the  ordinarj^ 
way  at  an  average  velocity  of  53  turns,  and  then  by  hand  with  pur- 
posely very  different  initial  impulses,  as  will  be  seen  from  the  number 
of  turns  made  before  stopping. 

The  results  were  as  follows : 


1 

1  Sec. 

N. 

/. 

Bv  i>ow©r 

125 
146 
142 

106 

104 

87 

48 
66.75 

58 

80.4 
32.5 
20.4 

0. 01711 
0. 01482 
0. 01002 

.01598 

By  baml  --,--- - .,,,--,.,, - - . .  . , ,  , 

0. 01506 
0. 01673 
0.01501 

Light  pnU. 

.01560 

The  absolute  values  of  the  co-eflicients  of  friction  thus  obtained  are 
much  less  than  those  recorded  by  Morin  (see  Bartlett,  p.  503),  or  even 
by  Prof.  K.  T.  Thurston's  lubricating  testing  machine  (Polytechnic  Re- 
view, March  3d,  1877).  Here  Professor  Tliurston  give>s,  for  the  average 
of  commercial  oils,  co-eflftcients  varying  with  the  pressure  as  follows : 


PrcMiire 
per  eq.  inch. 

Co-pfflcientof 
fHction. 

8 
16 
82 

48 

0.20 
0.16 
0.12 
0.10 

The  absolute  pressure  per  square  inch  must  always  be  a  hard  matter 
to  determine,  especially  in  the  case  of  a  wheel,  as  it  depends  so  largely 
upon  the  fitting  of  the  surfaces.  Judging  by  the  mark  left  on  the  film 
of  oil  on  remo\ing  the  wheel  used  in  my  experiment  from  the  axle,  it 
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appeared  to  rest  on  a  surface  about  (y'.6  x  5'^0  =  3^  square  inches.  The 
weight  of  the  wheel  was  303  pounds,  consequently  the  pressure  was 
about  100  pounds  per  square  inch. 

This  would  partly  account  for  the  diflference,  part  of  which  might  also 
be  due  to  differences  in  the  bearing  surfaces  and  in  their  relative  veloc- 
ity. 

For  these  and  other  reasons  the  special  testing  machine  shown,  Fig. 
3,  was  devised,  and  is  now  in  construction. 

It  will  be  observed  that  the  friction  is  that  of  a  movable  shaft  on  a 
fixed  bearing,  diiiering  in  this  important  particular  from  the  device  last 
described.  The  oil  naturally  gravitates  to  the  point  of  greatest  pres- 
sure ;  the  wear  of  the  bearing  surfaces  is  compensated  for ;  and,  in  a 
word,  the  circumstances  resemble  as  closely  as  possible  those  of  an  ordi- 
nary bearing  for  line  shafting,  which,  owing  to  its  inaccessibility  and 
the  continuous  motion  there  x>revailing,  is  the  most  important  for  our 
consideration. 

To  apply  as  closely  as  may  be  to  the  conditions  of  practice  at  this 
arsenal,  the  shaft  is  made  of  wrought  iron  of  the  standard  diameter  2 A 
inches;  the  bearing  is  also  that  recommended  by  Sellers  &  Co.  and 
Thurston,  viz,  of  a  length  equal  to  four  times  the  diameter  of  the  shaft. 
The  cap  receives  the  pressure  from  the  weighted  lever  above  it,  which 
can  thus  be  increased  to  100  pounds  per  square  inch.  There  are  no 
shoulders  or  washers  to  interfere  with  free  rotation.  A  trough  cast  in 
the  cap  can  be  filled  with  water  and  used  as  in  Fig.  1. 

The  two  fly-wheels  are  to  be  carefully  balanced.  They  will  be  driven 
by  an  independent  clutch,  shown  on  the  side  of  the  figure.  Their  revo- 
lutions will  be  counted  by  the  following  simple  device:  An  ordmary  Seth 
Thomas  lever-clock  is  placed  at  right  angles  to  the  axis  of  the  shaft  and 
so  near  it  that  an  eccentric  pin  on  the  end  of  the  shaft  will  enter  the  side 
of  the  escax)ement.  The  clock  being  wound  up  will  tend  to  beat  and 
mark  seconds,  but  by  the  action  of  the  eccentric  pin  will  be  con- 
strained from  moving  except  so  far  as  the  revolutions  of  the  shaft  will 
permit ;  consequently  each  revolution  of  the  shaft  will  be  indicated  as  one 
half-second,  and  every  7,200  as  one  hour,  and  so  on.  The  tension  of  the 
clock-spring  relieves  the  shaft  from  the  resistance  of  the  clock-work. 

If  this  should  be  found  to  work  weD,  new  gear-wheels  will  be  intro- 
duced and  an  extended  decimal  notation  provided  for. 

I  propose  to  vary  the  composition  of  the  boxes,  using,  besides  cast 
iron,  brass.  Babbitt  metal,  &c. 

For  a  practical  illustration  of  the  advantages  of  the  formula  above 
discussed,  I  recently  applied  it  to  the  case  of  a  gun-carriage  wheel. 

The  value  of  C =9.512— ;  (log. =0.978276)  was  derived  from  the  foUow- 
ing  data : 

2J  =  286  in  five  minutes ; 

e  ^  24".66  • 

/'  at  Frankford  Arsenal  =  39.09777  inches : 

<7  «  "  "      =32.15663  feet; 

B  =  greatest  diameter  of  eye =1.55  inches ; 
in  the  formula 

K»  =  ^^8ec.        ^      ^^     4irK« 
N*  e  — c^andC^-j^. 

A  carriage-body  with  a  fairly  smooth  axle-arm  was  jacked  up  so  as  to 
make  the  upper  element  of  the  arm  horizontal  to  the  eye,  or  nearly  so. 
The  axle  was  successively  lubricated  with  the  following  substances. 
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The  impulses  given  to  the  wheel  were  aa  varied  as  was  possible,  as  an 
inspection  of  the  results  will  show. 

The  high  velocities  were  obtained  by  pressing  the  end  of  a  stick 
against  the  side  of  a  spoke  and  keeping  up  the  pressure  as  the  wheel 
revolved  b j  following  the  movement  of  the  spoke. 

As  might  have  been  expected  the  wheel  was  not  balanced,  nor  was  it 
possible  to  prevent  occasional  rubbing  against  the  shoulder  on  the  axle 
or  the  washer. 

The  axle  also  was  purposely  only  leveled  by  the  eye.  These  circum- 
stances naturally  affected  disproportionately  the  results  obtained  witli 
very  low  impulses,  given,  not  so  much  to  obtain  api)arently  consistent 
results  as  to  test  in  the  most  severe  way  possible  the  general  truth  of 
the  theory.  To  my  mind  its  truth  is  fully  sustained.  More  consistent 
results  might  have  been  attained  by  a  repetition,  from  which  I  have 
purposely  refrained. 

Sprint/field  sperm-oil  freely  applied. 


N. 

Seo. 

/. 

1 

19.5 

45 

0.09160 

2 

20.5 

47 

0.08827 

8 

21.25 

55 

0.06682 

4 

4.3 

23 

0.07732 

5 

2.7 

15 

0. 11410 

6 

28.3 

59 

0.07733 

0.08590 

Caetwr-oil  freely  applied. 


»-. 

Sec. 

/. 

1 

49.6 

125 

0.03019 

2 

40.5 

117 

0.02814 

3 

19.5 

67 

0. 04132  turned  backward. 

4 

9.6 

545 

0.03074 

5 

65.5 

158 

0.02496 

6 

119. 

200 

0.02782 

0.02837 

Axl&^reaee,    Composed  of  iar,  tallow ^  and  plumbago. 


N. 

Seo. 

/. 

1 

2 
8 
4 
5 

98.6 
36.75 
12.5 
2.8 
63.75 

175 
160 

62 

25.5 
154 

0.03062 
0.01224 
0.03093 
0.04096 
0.02557 

.02806  or.  03202 

The  application  of  this  to  experimental  comparisons  of  axle-grease  is 
evident. 

Apply  each  lubricant  to  one  axle  of  the  vehicle :  travel  with  it  any 
given  number  of  miles,  then  obtain  the  corresponding  values  of  /.  If 
5ie  bearings  differ  in  smoothness,  alternate  the  lubricants. 

If  this  theory  should  prove  well  founded,  I  would  advise  that  the  new 
edition  of  the  Ordnance  Manual  contain  values  of  C  for  all  wheels  used 
on  ordnance  field-carriages. 


PLATE  I. 
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EnduTance  of  Oils  Tested, 

in  order  of  trial. 
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APPENDIX  N2. 

TECTS  OF   CARTRIDGE-METALS.     BY   FIRST.  LIEUT.    HENRY  METCALFE, 
ORDNANCE  DEPARTMENT,  UNITED  STATES  ARMY. 

(Eight  plateB.) 

Frankfobd  Arsenal^ 

January  22, 1878. 

I  hare  the  honor  to  make  the  following  report  upon  the  test  of  certain 
spminens  of  cartridge-copper  or  gilding  metal  submitted  by  the  Ansonia 
Brass  and  Copper  Company,  and  by  Messrs.  Merchant  &  Co.  of  this 
city,  for  comparative  trial  with  copper  made  Mr.  J.  G.  Moflet,  Bloom- 
field,  N.  J. 

OBJECT  OF  INVESTIGATION. 

In  making  this  comparison  I  was  induced,  not  only  to  cany  out  the 
oniinaiy  tests  involving  facility  of  manufacture  and  endurance  under 
proof  of  the  material  in  question,  but  also  to  extend  my  inquiries  to  the 
point  of  asoertaining  what  are  the  physical  peculiarities  of  metal  best 
mxsA  to  the  manufacture  of  metallic  ammunition. 

A  proper  object  of  this  inquiry  I  conceive  to  be,  to  furnish  manufac- 
turers dedrous  of  competing  for  the  supply  of  cartridge-metal  with  certain 
simple  standards,  easily  applied  in  their  own  workshops,  and  up  to  which 
they  may  work  with  the  hope  of  immediately  approacning  the  require- 
ments of  good  cartridge-metal. 

COMPAKISON  WITH  OBDINABY  METHOD  OF  TESTINO  COPPER. 

ThiH  should  afford  more  encouragement  to  manufacturers  than  the 
eQ««toiDaiy  process  of  confining  the  inquiry  to  making  up  a  quantity  of 
the  t«t  metal  in  cartridges  for  powder-proof;  for  the  results  of  this 
proof  anwt  simply  give  to  the  manufacturer  knowledge  of  advantages 
or  defects  in  the  finished  product,  concerning  the  cause  of  which  in  the 
nv- material  he  must,  from  lack  of  familiarity  with  the  operations  of 
«!tftridge  mana£aiCture,  be  more  or  less  in  doubt. 

MOPFET  COPPER. 

AltboQgh  the  great  excellence  of  Mr.  Moffet^s  copper  leaves  little  to 
Ifdejwd  in  iwint  of  uniformity  and  usefiil  strength,  still  the  inexpe- 
*^wy  of  being  dependent  upon  but  one  mill  for  our  supply  of  copper  is 
evident 

Apart  from  certain  peculiarities  evident  in  manuf^ture,  such  as  seami- 
^^^i  structure,  inequality  in  thickness,  &c.,  I  hope  it  may  be  found 
tiut  many  of  the  requirements  of  good  cartridge-metal  may  be  deduced 
^  its  behavior  under  the  various  mechanical  tests  hereafter  described. 

THEORY  OP  INVESTIGATION. 

^itli  this  assumption  it  was  determined  first  to  ascertain  by  the  pow- 
^^ffproof  what  kinds  of  metal  gave  the  best  practical  results ;  then  to 
^'^wve  the  behavior  of  the  best  and  worst  of  these  materials  under  the 
^W'hanical  tests,  so  that  safe  inferences  might  be  thereafter  drawn,  not 
^v  of  what  qualities  to  seek,  but  also  of  what  defects  to  avoid. 

VARIETY  OP  METALS  TESTED. 

Then,  also,  other  materials  of  as  diverse  characters  as  possible,  such  as 
h^afi8  annealed  and  not  annealed,  pure  copper,  and  even  soft  Bessemer 
^^  were  admitted  into  the  Usts,  with  the  hope  that  the  extent  of  the 
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field  covered  by  their  diversitie-s  would  permit  a  more  general,  and  there- 
fore a  more  truthful,  view  to  be  taken  of  their  requirements  than  if  tlie 
scope  of  the  inquiry  were  limited  to  the  slight  differences  between  metaL^, 
which,  in  their  approach  to  a  common  standard,  already  resemble  eacli 
other,  as  far  as  the  skill  of  their  makers  would  allow. 

THE  POWDEB  PROOF. 

]Sprouvette, 

For  this  purpose  the  Gill  6prouvette,  shown  Plate  I,  Fig.  1,  was  em- 
ployed. Its  oj^eration  is  very  simple :  The  charge  of  powder  is  gradually 
increased  until  the  pressure  developed  by  the  inertia  of  the  constant 
weight  is  just  sufficient  to  cause  the  cartridge  to  yield.  The  cartridg-e 
is  held  in  a  chamber  which  is  the  exact  counterpart  of  that  of  the  Spring- 
field gun.  The  least  weight  of  rifle-powder  in  grains,  causing  rupture, 
is  taken  as  the  effective  value  of  the  cartridge.  (For  particulars,  see 
Plate  XXIV,  Ordnance  Memoranda,  No.  14.) 

Comparison  with  tests  made  in  rifle. 

Experiments  which  I  have  made  in  connection  with  this  rei)ort  lead 
me  to  greatly  prefer  the  6prouvette  to  the  use  of  a  gun  for  the  extreme 
proof  of  cartridge-cases. 

In  firing  in  a  gun  with  the  high  charges  necessary  to  destroy  the  case, 
an  enlargement  of  the  cartridge-head  space  necessarily  follows  from  the 
setting  back  of  the  breech-block  ui)on  its  bearings.  So  that  in  using 
the  same  gun  for  the  extreme  proof  of  different  cartridges  the  conditions 
may  change  with  each  discharge. 

This  is  particularly  the  case  with  cartridges  which  fail  from  shearing, 
as  will  be  explained  further  on. 

Yielding  of  system  under  heavy  strain. 

It  will  be  sufficient  to  cite  the  example  of  certain  cartridges  which 
stood  on  one  occasion  81  grains  of  English  rifle-powder  and  one  service- 
bullet.  When  the  trial  was  repeated  next  day  they  could  only  be  made 
to  stand  77  grains  and  one  bullet. 

Advantages  of  iprouvette. 

The  advantage  of  the  iprouvette  undoubtedly  consists  in  this :  that 
by  excluding  all  variations  in  the  firmness  of  the  closure  and  the  condi- 
tion of  the  ]S)re,  it  limits  the  inquiry  most  strictly  to  the  single  variable 
under  consideration. 

The  results  were  as  follows : 

Tablk  I. — Hesults  of  firing  in  4proureUe, 
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The  lowest  limit  of  the  thin  steel  was  not  reached,  as  the  escape  of 
gas,  even  with  such  low  charges  as  10  grains,  was  such  as  to  tend  to 
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injure  the  ^prouTette  by  scoring.    The  brass  not  annealed  gave  way 
badly,  in  one  case  a  piece  being  blown  or  melted  from  the  rim. 

These  conclusions  as  to  the  comparative  strength  of  the  Merchant  and 
Moffet  coppers  were  subsequently  verified  by  firing  10  of  each  with  24- 
grsun  charges  in  the  ^prouvette ;  4  of  the  Merchant  and  8  of  the  Moffet 
faikd  by  bearing. 

BISTINCTION  BETWEEN  SHEARINa  AND  BURSTING. 

Sheared  heads. 

The  character  of  the  rupture  demands  attention.  It  will  be  observed 
that  the  Mofifet  and  Merchant  metals  always  parted  by  shearing.  This 
L<  a  icpecific  term  used  to  denote  the.  parting  of  the  metal  on  the  line  of 
a  by  Plate  I,  Fig.  2,  due  to  the  pressure  of  the  gas  on  the  ring  c  dj  and  to 
the  rigid  resistance  of  the  edge  of  the  chamber  at  a.  This  defect  is  com- 
mon to  all  folded  head  cartridges,  in  none  of  which  necessarily  can  this 
ring  be  less  in  depth  than  the  thickness  of  the  metal  of  which  the  head 
LH  made.  It«  maximum  depth  is  limited  by  the  backward  movement  of 
the  breech-block  under  the  pressure  of  the  gases  in  firing,  thereby  virtu- 
ally enlarging  the  cartridge-head  space. 

By  thickening  the  head,  as  in  some  solid-head  cartridges,  so  that  its 
inner  sorfiace  may  come  within  the  line  a  6,  this  strain  may  be  ob- 
viated. 

BuYBt  heads. 

Hie  brass,  steel,  and  Ansonia  cartridges,  on  the  other  hand,  appeared 
to  part  principally  in  the  circle  represented  in  section  by  the  point/. 
Bus  seems  the  line  of  separation  between  that  portion  of  the  head  most 
*verely  squeezed  and  hardened  by  the  operation  of  heading,  viz,  the 
area  inside  of  /,  and  the  more  extensible,  because  more  unsupported, 
narrow  ring  outside  of  it.  The  structural  change  ("demoralization") 
due  to  this  variation  in  pressure  is  probably  heightened  by  the  influence 
at  that  point  of  the  cold-shut  bend  of  the  flange. 

This  effect  was  plainly  seen  even  in  cartridges  where  absolute  rupture 
did  not  occur.  The  circular  area  inside  off  seemed  to  have  been  stretched 
bodily,  Uke  a  drum-head,  away  fix)m  the  original  plane  of  the  head  to  a 
portion,  say  g  g.  From  this  position,  when  it  did  not  break,  its  elas- 
tieitT  generaUy  brought  it  back,  leaving  a  shallow  annular  groove  at/. 
The  cases  also  sometunes  broke  in  the  fold,  as  at  h.  This  was  particu- 
hriy  the  case  with  the  steel. 

TTie  results  of  this  powder  proof  would  lead  one  to  characterize  the 
greater  x^art  of  the  metals,  except  Merchant's,  as  hard,  short,  and  unyield- 
ing in  comparison  with  the  Moffet  copper. 

MECHANICAL  TESTS. 

These  were  for  tensile  strength  with  progressive  elongations  under 
strain;  appUed,  1st,  statically;  2d,  dynamically;  3d,  resistance  to  shear- 
ing by  shock ;  4th,  structural  effect  of  close  bending  under  pressure. 

I.— Tensile  strain. 

Farm  of  specimens. 

The  standard  specimens  were  in  every  case  after  Ko.  24  Laboratory 
fieoocd  (rf  the  form  shown,  Plate  III,  Fig.  1,  and  cut;  lengthwise  of  the 
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strip.  The  line  of  least  resistance  was  sometimes  shortened  where  fpreat 
resistance  was  exx>ected.  The  points  a  b  were  laid  off  half  an  inch  on 
each  side  of  the  line  of  least  resistance,  and  the  elongation  between  them 
measured  at  each  increment  of  strain.  This  short  length,  one  inch,  was 
taken  as  the  basis  for  such  measurements,  in  order  to  compare  with 
the  necessarily  local  nature  of  powder-strains  upon  the  cartridge-case 
in  service.  A  number  of  observations  on  metals  of  different  kinds 
fixed  the  total  elongation  of  the  specimen  at  about  (VM  more  than  the 
total  elongation  of  the  middle  inch,  whether  that  elongation  was  0.''2(k>, 
(K^29,  or  5''.32.  I  have  consequently  neglected  the  dongation  of  that 
portion  of  tlie  specimen  outside  of  the  x>oints  a  bj  although  it  undoubt- 
edly increases  the  apjiarent  resistance  of  the  midule  inch,  on  the  ground 
that  the  equaUty  of  the  results  above  indicated,  despite  the  unequal  diic- 
tihty  of  the  materials  undergoing  strain,  must  indicate  that  the  free 
extension  of  the  part  in  question  is  so  greatly  affected  by  the  friction  of 
the  clamps  as  to  render  its  comparative  indications  of  no  value. 

I  therefore  consider  that  tndy  relative  results  in  this  case  may  be 
obtained  by  confining  our  attention  to  that  portion  of  the  specimen  in 
the  immediate  vicinity  of  the  frat^ture,  provided  that  the  specimens  arc 
originally  of  the  same  form  and  dimensions. 

This  subject  is  well  treated  in  a  pai)er  by  Mr.  C.  B.  Kichards,  of  Coitus 
Armory,  read  before  the  American  Society  of  Civil  Engineers,  January 
21,  1874.  Mr.  Richards 's  conclusions,  although  at  first  sight  opposi^^d  to 
those  above  enunciated,  will,  I  think,  be  found  to  confirm  them  on 
examination. 

The  ends  of  the  specimens  are  bent  over  to  fit  in  narrow  grooves  cut 
in  one  of  the  interior  surfaces  of  each  of  the  clamps.  This  preciiution 
was  adopted  after  the  proof  of  si)ecimen  No.  24,  on  account  of  the  a]>par- 
ent  slipping  of  the  sx)ecimeiis  in  the  clamps  when  held  by  friction  alone, 
as  shown  by  the  curving  inward  of  the  ends  in  former  trials. 


Testing  mtickine. 

To  prociu'e  the  tensile  strain  a  testing  machine  was  extemi>orized  as 
follows : 

The  specimen  is  firmly  held  in  clamx)S,  the  stem  of  the  upper  one  of 
which  is  extended  to  form  a  vertical  screw  above  it.  The  lower  clamp 
is  also  extended  to  form  a  stirrup,  a  knife-edge  on  the  sole  of  which  sup- 
ports one  end  of  a  heavy  iron  beam.  The  other  end  rests  on  a  knife-edge 
on  tlie  platform  of  a  Fairbanks  scale.  This  beam  is  held  down  at  mid- 
length  by  a  bolt,  the  lower  end  of  which  is  fastened  to  a  lug  cast  on  the 
frame  of  an  old  punching  press,  which  serves  as  the  general  frame  of  the 
machine.  The  eye  in  this  bolt  is  square,  and  its  under  side  is  forme<l 
into  a  knife-edge  resting  on  the  upi)er  side  of  the  beam. 

The  vertical  straining  screw  passes  through  an  old  casting  bolted  on 
the  top  of  the  frame,  and  works  on  a  feather  to  prevent  rotation  in  rising. 
The  frame  is  kept  from  rising  bodily  under  the  influence  of  the  strain, 
by  a  prop  wedged  in  tightly  against  an  iron  floor-beam  above  it. 

The  platform  frame  of  the  scale  is  supported  on  a  wooden  block  resting 
on  the  floor,  high  enough  to  take  all  strain  off'  the  journals  of  the  truck- 
wheels. 

The  strain  "wbs  brought  to  bear  by  means  of  the  cross-handled  nut 
shown  in  the  sketch,  the  elongation  between  a  and  b  being  followed  up 
meanwhile  by  an  assistant  with  a  pair  of  spring  dividers. 

When  the  weight  upon  the  scale  beam  was  raised,  the  dividers  were 
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ranored  and  the  space  measured.  It  was  thus  possible  to  follow  np  the 
^rtietch  nnti]  the  metal  could  actually  be  seen  begining  to  part,  when  the 
diyiders  were  removed. 

That  these  arrangements,  though  rude,  gave  very  consistent  results, 
inSij  I  think,  appear  from  an  examination  of  Table  11.  Much  of  this 
areuracy  is  due  to  the  care  and  skill  displayed  by  Mr.  McBride,  of  the 
machine  shop  of  this  arsenal,  who  assisted  me  throughout  these  experi- 
ments. 

Arranging  the  testing  machine  cost  about  $20. 

Tablb  II. 


J/d»a«iB  differences  in  elongation  under  static  tensile  strain  with  improvised  testing  nuK^ine, 
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diiEerent  strips.  tOne  specimen  only  stretched  to  .225.    See  Abstract  of  Tests. 

The  figures  expressing  variation  are  obtained  by  dividing  the  sum  of 
the  maYimnTTi  differences  by  the  number  of  observations. 

Comparative  uniformity. 

The  Moflfet  and  the  two  Ansonia  coppers  are  the  most  uniform.  The 
steel,  pare  copper,  and  Merchant's  annealed  are  the  least  uniform.  Brass 
and  Merchant's,  not  annealed,  are  about  a  mean  between  the  other  two. 

Curves  of  elongations  under  tensile  strain. 

The  mean  results  are  plotted  in  the  accompanying  curves,  Plates  lY — 
VUL  in  which  the  divisions  of  the  axis  of  abscisse^  represent  the  elon- 
gations in  hundredths  of  an  inch,  due  to  hundred-pound  strains,  indicated 
along  the  axis  of  ordinates. 

Each  square  thus  represents  100  pounds  x  O'^  01  =s  1  inch-pound. 

affect  of  variations  in  thickness. 

DiiFerences  in  section,  due  to  variation  in  the  thickness  of  the  metal, 
have  been  neglected  where  this  variation  was  slight.    Numbers  of  ex- 
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periments  show  generally  that  the  indicated  resistances  for  small  sec- 
tions are  proportionately  greater  than  for  large  sections.  (See  Plate 
VIII.)  Sometimes  even  a  slightly  higher  section  resists  absolutely 
less  than  a  low  section,  e.  g.j  V  X  0".031  less  than  1'  x  0".030.  Acci- 
dental differences  apart,  this  is  probably  due  to  the  greater  condensa- 
tion due  to  rolling  down  the  thin  metal. 

By  supposing  the  skin  so  formed  to  be  of  an  absolute  thickness  the 
greater  proportionate  strength  of  thin  metal  might  be  accounted  for. 
(See  Appendix.) 

These  differences  exist  mainly  in  the  elongations  due  to  progressive 
strains.  The  breaking  strains  are  nearly  always  proportional  to  the 
sectional  area.  The  form  of  the  specimen  also  affects  its  elongation. 
(See  Appendix.) 

The  curves  are  plotted  for  each  kind  of  material  separately. 

Each  sheet  also  contains,  as  a  common  standard,  the  Moftet  curve. 

All  the  curves  are  combined  for  comparison.    Plate  VII. 

n.  Tensile  STRENaTH  against  shock. 

Object  of  experiment 

It  was  at  one  time  thought  that  valuable  data  might  be  derived  from 
rupturing  the  specimens  under  the  shock  of  a  falling  weight,  which  might 
be  supposed  to  resemble  in  its  effect  the  sudden  explosion  of  gun-iM>w- 
der.  The  arrangement  shown,  Plate  III,  Fig.  3,  was  demised  for  this 
purpose. 

Apparatus. 

A  weight  was  made  to  slide  freely  on  a  ^-inch  iron  rod  graduated  in 
feet  and  tenths  of  a  foot,  and  suspended  from  the  eye  of  the  lower  clamp 
used  in  the  testing  machine.  The  other  clamp  was  attjiched  to  the  web 
of  an  ii'on  floor-beam,  the  specimen  being  held  between  the  two  clamps, 
as  previously  described. 

By  successive  trials  a  point  was  found  fi*om  which  one  blow  of  the 
falling  weight  was  just  sufficient  to  produce  rupture.  The  mechanical 
effect  of  this  blow  was  assumed  as  the  value  of  the  material  against  shock. 
(See  Table  III.) 

This  rod  was  about  6  feet  long  and  weighed,  with  the  lower  clamx), 
21.5  pounds,  enough  to  stretch  the  specimen  fairly  so  as  to  avoid  local 
tearing  strauis^  and  yet  not  enough  to  contribute  specifically  by  its  own 
weight  to  its  yielding.  It  was  made  heavy,  also,  so  as  to  avoid  as  far 
as  possible  its  own  extension  by  the  blow. 

Necessity  for  an  invariable  weight. 

To  obtain  comparative  results,  however,  it  was  found  necessary  that 
the  falling  weight  should  not  be  changed.  For  it  was  found  by  increas- 
ing the  weight  from  16.5  jKiunds  \o  22  pounds  =  33  per  cent.^  that  not 
oidy  was  the  necessary  height  of  fall  proportionately  dimimshed,  but 
that  the  total  foot-i)ounds  of  the  blow  could  be  further  diminished  15  per 
cent,  without  failing  to  produce  rupture. 

Effect  of  changing  weight 

This  result  was  arrived  at  accidentally,  in  consequence  of  the  rod 
being  found  too  short  to  allow  rupture  of  the  brass  specimens  to  result 
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from  the  falling  of  the  16.5-pound  weight,  with  which  the  exi)eriments 
were  began.  The  value  for  brass  subjected  to  this  strain  is  thus  deduced 
fhHu  th^  supposition,  and  is  given  as  if  for  a  weight  of  16.5  pounds. 

This  subject  has  been  recently  adverted  to  by  Professor  Kick,  of 
Prague.  (See  VanNostrand's  Magazine,  vol.  XVII,  page  268,  Septem- 
ber, 1877.) 

Ratio  between  resistance  under  shocJc  and  slaw  strain. 


Experiments  made  at  this  arsenal  indicate  a  ratio  from  about  2.8  for 
the  high  metals  to  3.4  for  the  more  ductile  ones,  between  the  resistance 
doe  to  shock  with  a  falling  weight  of  16.5  pounds  and  that  due  to  slow 
tensile  strain.  Contrary  to  my  expectations,  in  no  case  was  the  shock 
n^iistance  less  than  the  other.    (See  Table  Yl.) 

The  rupture  of  the  material  was  generally  in  the  case  of  shock,  as  in 
the  ease  of  slow  strain,  determined  by  the  elongation.  For  the  same 
loetal  the  total  elongations  in  both  cases  were  approximately  equal,  and 
so  w»e  the  areas  of  rupture. 

Comparative  unimportance  of  this  test 

The  close  parallelism  existing  between  the  results  derived  from  this 
ted  and  those  obtained  from  the  tensile  strain,  together  with  the  advan- 
tages which  the  latter  method  affords  of  watching  the  behavior  of  the 
metal  while  **  on  the  rack,"  not  to  speak  of  the  necessarily  tentative  pro- 
ceiiR  required  in  determining  this  form  of  resistance,  led  me  to  attach 
bat  a  secondary  importance  to  its  results  and  to  prefer  more  than  ever 
the  indications  given  by  the  slow  tensile  strain. 

Table  III. 
Benstanoe  to  falling  weight  or  16.5  pounds. 
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55.0 
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in.  Sheasing  test. 

Olject 

It  was  thought  that  the  tendency  of  the  metal  to  shear,  as  described 
on  page  672,  might  be  predicated  from  its  behavior  under  a  punching 
press.  This  arrangement  shown  in  Fig.  2,  Plate  III,  was  accordingly 
devised  for  tills  purpose. 

Apparatus, 

It  consists  of  a  cylindrical  housing  of  cast  iron,  bored  through  and 
Imdied  for  a  half-inch  punch  and  die.  The  sliding  weight  of  3  pounds 
is  let  foil  from  increasing  heights  upon  the  punch  until  its  energy  is  just 
mificient  to  drive  the  punch  through  the  metal.    This  energy,  expressed 
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in  foot-i)ound8,  is  tlien  taken  as  the  shearing  value  of  the  m^taL  The 
diameter  of  punch  =  (y'.5  was  selected  on  account  of  its  close  approxima- 
tion to  the  diameter  of  the  cartridge  at  the  shearing  point,  viz,  under 
the  head. 

In  order  to  make  the  results  as  closely  comparable  as  possible,  care 
was  taken  that  the  punch  and  the  die  should  always  be  sharp.  Weights 
of  7  and  9  pounds  were  also  used,  with  consistent  results. 

8low  hydraulic  pressure. 

It  was  at  first  attempted  to  compare  these  resistances  under  the  circum- 
stances of  hydraulic  pressure,  but  the  rate  at  which  the  pressure  was 
applied  exercised  so  important  an  influence  upon  the  result  that  this 
course  was  abandoned  and  was  replaced  by  the  method  of  an  invariable 
blow.  The  actual  pressure  necessary  to  punch- the  Moffet  copper  was 
found  to  be  about  1,600  pounds  under  the  hydraulic  presd. 

Oeneral  discussion  of  results.  ^ 

These  resistances  give  some  idea  of  the  value  of  the  metal  against  the 
shearing  strains  of  the  explosion,  provided  that  it  is  not  so  weak  from 
other  causes  as  to  burst  in  the  head  or  flange  before  its  full  resistance  to 
shearing  can  be  developed.  For  example,  brass  has  a  high  shearing 
value,  but  its  bending  value  (see  Art.  IV)  is  so  low  as  to  cause  it  to 
burst  and  the  gas  pressure  to  be  reduced  before  the  full  shearing  re- 
sistance can  come  into  play.  By  preventing  this  bursting  by  means  of 
an  interior  gas-check  the  great  strength  of  the  material  may  be  fully  de- 
veloped. 

Table  IV. 

Besietanoe  to  shearing. 


Effect  of  mini- 
mnmblowin 
foot-ponnds . 


Ansonia  copper. 


XIL 


1 


o 


4.45 


i 


4.31 


XV. 


1 


o 
JZ5 


4.52 


I 


4.31 


Bmaa. 


I 


I 


4.94 


1 


4.87 


Merchant. 


"i 


^ 


4.17 


I 

t 


4.17 


Moffet. 


1 


s 

o 
JZ5 


4.06 


i 


3.81 


Pure 
copper. 


§ 

e 


i 


s 


8.60 


3.66 


steel. 


9 


5.31 


M 


7.5 


IV.  Bending. 


Object  of  test — Operation, 

In  order  to  a])proximate  to  the  structural  change  due  to  close  bending 
under  pressure  in  the  heading  machine,  strips  of  the  metals  were  cut  0'',25 
wide,  and  about  2''  long,  and  having  been  doubled  over,  were  squeezed 
to  a  tight  fold  imder  hydraulic  pressure.  To  do  this  required  about  1,200 
I)Ounds  pressure,  applied  over  an  area  0^^.25  by  0".75.  The  closely-folded 
specimens  were  then  removed  and  opened  slowly  by  hand.  A  certain 
I)oint  was  generally  found  at  which  the  metal  was  felt  to  give  way  sud- 
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denly  with  a  kind  of  crack,  showing  that  the  useful  resistance  of  the 
metal  was  overcome.  The  opening  might  be  continued  a  little  further 
without  absolute  separation  taking  place,  but  nevertheless  it  could  be 
plainly  felt  when  the  life  of  the  meM  was  gone. 

The  angles  of  opening  at  which  the  yielding  occurred  are  shown.  (Ta- 
ble V.) 

That  of  thin  steel  was  difficult  to  obtain  exactly  owing  to  the  difficulty 
of  starting  the  angle  from  the  inside  edge  of  the  fold.  There  was  an 
almost  irresistible  tendency  to  open  around  a  secondary  line  about  0".! 
above  the  fold.    (See  Test  Reconl.) 

The  apparent  strength  due  to  this  peculiarity  must  account  for  the 

discrepancy  between  the  results  given  in  Table  V  for  the  different 

thicknesses  of  steel. 

Table  V. 


As^  of  opening 


Ansonia. 


XIL 


■2 

•3 

i 


87 


XV, 


1 


I 


165 


Brass. 


i 


& 


42 


i 


< 


40 


Mer- 
chant. 


•s 


0 

a 


285 


Hoffet. 


I 


o 


360 


Pore 
copper. 


•s 


S 


27 


Steel. 


M 


M 


264°  (?)   30° 


Oeneral  value  of  bending  test. 

With  this  exception  and  that  of  annealed  brass,  elsewhere  noted,  it 
will  be  found  that  the  bursting  of  cartridges  in  the  fold  can  generally  be 
expected  where  a  low  angle  of  opening  is  found.  See  the  case  of  pure 
copper,  which,  owing  to  its  proverbial  stringiness,  was  fiilly  expected  to 
have  a  high  value  under  this  test,  but  which,  when  fired,  burst  badly. 
So  that  with  this  test  to  weed  out  materials  hable  to  burst,  and  the  test 
for  tensile  strength  to  compare  those  liable  to  shear,  it  would  seem  that 
definite  expectations  might  be  reached  before  a  single  cartridge  should 
be  made. 


DISCUSSION     OP     THE    STATICAL    TENSILE     TEST     AS     TO     ULTIMATE 

STRENGTH. 

To  return  to  the  results  of  the  tensile  strain.  (Plate  VII.) 
These  results,  regarding  either  extreme  resistance  or  extreme  ductility, 
exhibit  at  once  a  striking  want  of  harmony  with  the  indications  of  the 
6prouvette.  The  (statically)  strongest  of  all,  the  brass,  bursts  with 
nearly  the  same  charge  required  to  shear  the  Moffet  copper,  the  weakest 
of  all  in  ultimate  strength;  and  brass  which  is  (statically)  weakened  by 
anneahng,  absolutely  gains  in  powder  strength  by  the  change.  (Com- 
pare also  steel  and  copper.) 

The  Merchant  metal  is  of  the  same  or  greater  powder  strength  than 
the  annealed  brass,  which,  however,  far  exceeds  it  in  statical  strength 
and  ductility. 

As  to  ductility. 

The  range  in  ductility  when  under  the  same  strain  is  very  great.  For 
example,  &e  Martin  steel  will  stretch  under  a  weight  of  1,100  pounds. 
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the  lowest  strain  giving  it  a  measurable  extension,  about  ^  as  much  as 
the  Moffet  copper  under  the  same  strain.  Nearly  the  same  relation  ex- 
ists in  the  case  of  brass. 

Similar  results  are  obtained  by  drawing  the  line  of  comparison  paral- 
lel to  the  axis  of  ordinates.  The  Moffet  copper  stretches  as  much  at  900 
pounds  as  the  brass  does  at  1,450  or  the  steel  at  1,550. 

Combination  of  strength  and  ductility  for  comparison. 

It  appears,  therefore,  that  for  the  effective  comparison  of  these  mate- 
rials we  should  consider  their  corresponding  resistances  and  elongation 
together^  by  regarding  the  areas  included  between  the  curves  and  the 
axis  in  the  direction  of  which  the  elongations  are  produced,  viz,  the  axis 
of  abscisses. 

Areas  of  curves. 

These  areas  are  called  by  General  Rodman  (see  Experiments  on  Metals 
for  Cannon  and  Cannon  Powder,  page  171)  expressions  for  the  capacity 
for  work  of  the  specimens  in  question,  in  that  they  represent  the  work 
done  by  the  specimen  in  resisting  the  breaking  force.  By  other  writers 
since  General  Hodman,  Thurston  and  others,  they  are  called  expressions 
for  the  resiliency  of  the  specimens,  resiliency  oeing  a  quality  compounded 
of  tensile  strength  and  ductility;  for  example,  of  two  beams  undergoing 
transverse  strain,  that  is  the  most  resilient  which  will  bend  most  under 
the  greatest  load  without  breaking. 

Unimportance  of  considering  ultimate  resilience. 

It  is  evident,  from  the  flattening  of  some  of  these  curves  in  their  termi- 
nal portion,  that  after  a  certain  strain  but  slight  real  resistance  is  en- 
countered, and  that  the  prolongation  of  the  curve  is  merely  due  to  the 
final  slipping  of  the  particles  over  each  other  before  letting  go.  But 
this  extension  of  the  curve,  in  consequence  of  its  being  so  nearly  parallel 
to  the  axis  of  abscisses,  adds  disproportionately  to  its  apparent  strength, 
as  indicated  by  the  area  of  resilience. 

Besilience  tHthin  elastic  limit. 

So  that  in  engineering  practice,  for  materials  to  be  used  in  construc- 
tion, the  most  important  resilience  is  held  to  be  that  taken  at  the  elastic 
limit  of  the  material. 

Another  reason  for  not  regarding  the  total  area  of  resilience  of  the 
metals  is  to  be  found  in  the  fact  that^  notwithstanding  the  great  differ- 
ence in  their  conduct  under  strain,  with  four  exceptions  these  areas  are 
approximately  equal.  (See  Table  VI.)  These  exceptions  are  found  in 
the  two  specimens  of  brass,  in  the  pure  copper,  and  in  one  specimen  of 
steel. 

Determination  of  limit  for  area  of  resilience. 

The  apparatus  at  my  command  did  not  permit  so  nice  a  iM)int  to  be 
determined,  and  I  was  therefore  induced  to  find  a  horizontal  of  compari- 
son by  reasoning  based  upon  the  indications  of  the  Bodman  pressure- 
gauge  in  the  firing  of  service  and  destructive  charges. 

For  example,  supposing  the  cartridge  case  to  yield  by  shearing,  as  ex- 
plained on  page  672,  let  us  seek  to  determine  the  pressure  causing  this 
change  of  form. 
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Whatever  may  be  the  nature  of  the  powder  force,  either  static  or  dy- 
namic, its  effects  are  clearly  interpreted  by  ns  statically  ;  and  the  lever 
press  use<l  with  the  Eodman  gauge  may  be  the  same  dynamometer  em- 
ployed to  determine  the  tensile  resistance  of  the  material.  This  gives 
a  common  measure  for  the  resistance  of  the  metal  under  such  widely  dif- 
ferent strains. 

The  distance  c  d^  Plate  I,  Figure  2,  in  a  standard  cartridge  measures 
0''.037=/.  Supposing  the  cartridge  to  be  so  firmly  supported  from  the 
rear  tliat  this  space  cannot  be  increased  by  the  recoil  of  the  cartridge 
under  the  influence  of  explosion,  the  shearing  of  the  cartridge  will  be  due 
to  the  radial  pressure  of  the  gas  upon  the  interior  surface  of  a  cylinder 
whose  diameter  is  that  of  the  cartridge  at  d,  and  whose  height=o  dssL 

The  effect  of  this  pressure  is  to  bend  the  walls  outward  around  the 
line  shown  at  c,  as  an  axis. 

Considering  an  elementary  portion  of  the  interior  surface  of  the  cyl- 
inder, calling  the  gas  pressure  P,  and  supposing  it  to  act  uniformly  on 
the  surface,  it  may  be  supposed  to  be  concentrated  at  its  middle  point ; 
hence  its  moment  will  be  equal  to 

^^   2  *      2"' 

The  expansion  due  to  this  pressure  will  be  resisted  by  the  edge  of  the 
counterbore  at  e.  Calling  this  resistance  Q,  its  moment  will  be  Q?,  and 
equating  moments 

^=  Ql,  or  ^  =  Q. 

The  shearing  jwint  will  also  be  determined  by  the  thickness  d  e ;  by 
the  form  of  the  edge  5  and  probably  by  other  circumstances  affecting  the 
combustion  of  the  charge. 

By  determining  exi)erimentally,  by  means  of  the  Eodman  pressure- 
gauge  and  dynamometer,  a  statical  measure  of  the  lowest  pressure 
required  to  effect  this  shearing,  we  may  compare  the  extreme  strains 
under  which  rupture  takes  place  both  in  the  gun  and  in  the  testing 
machine,  and  so  obtain  a  co-efficient  expressing  tixe  greater  or  less  resist- 
ance of  the  material  under  powder  pressure. 

Statical  value  of  service  charge. 

By  then  applying  this  co-efficient  to  the  pressure  obtained  with  the 
service  charge,  we  may  determine  a  certain  tensile  strain,  imder  which 
the  behavior  of  various  cartridge  metals  may  be  discussed  as  if  under  the 
actual  conditions  of  service. 

In  practice  the  foregoing  assumptions  are  modified  as  follows :  the 
distance  cdis  never  =  (K'.037,  but,  owing  to  the  depth  of  the  counterbore 
and  to  the  setting  back  of  the  breech-block  under  the  influence  of  the 
discharge,  is  always  greater  than  (y'.037.  In  the  gun  used  here  for  prov- 
ing ammimition  it  is  (y^076  -  (V'.OS  =  (y'.405. 

In  the  testing  machine  the  resistance  is  predicated  on  a  specimen  with 
a  section  I'^O  x  0".03.  To  obtain  the  corresponding  pressure  in  tlie  gun, 
that  is,  the  shearing  pressure  along  one  inch  of  the  edge  of  the  counter 
bore,  we  must  multiply  the  pressure  per  square  inch  at  d  by  the  length 
ed^l;  and  to  reduce  this  to  the  condition  of  thickness  of  metal  existing 
in  the  case  of  the  machine  tensile  strain  the  product  must  be  increased 
<me-fiitb,  as  the  metal  at  the  shearing  point  is  only  0''.025  thick.    Con- 
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sequently.  the  statical  value  of  any  shearing  powder  strain  may  be 
deduced  itom  the  formula : 

Formula  for  statical  value  of  shearing  powder  strain. 


6x2         5       ' 

in  which  P  is  the  indicated  pressure  per  square  inch  of  the  fired  charge, 
and  I  is  the  length  in  inches  of  the  cylindrical  space  above  referred  to. 

ZFltimate  resistant  in  gun. 

To  determine  the  ultimate  resistance  of  the  service  case,  I  fired  two 
cartridges  loaded  with  88  grains  of  EngUsh  rifle  powder  and  one  baU, 
Irom  the  rifle  used  here  in  proving  ammunition. 

The  rifle  measured,  before  firing,  0".075  between  the  face  of  the  breech- 
block and  the  bottom  of  the  counter-bore.  Two  cartridges  of  Moffet 
copper,  loaded  with  88  grains  of  rifle  powder  and  one  bullet  of  405  grains, 
were  fired  in  it ;  one  cartridge  stood  and  one  sheared ;  showing,  if  no 
change  had  occurred  in  the  counter-bore  space  in  consequence  of  the 
firing  of  the  first  cartridge,  that  this  was  the  lowest  charge  developing 
the  iStimate  strength  of  the  case,  within  the  limit  of  the  material's  vari- 
ation. 

The  counter-bore  space  was  measured  after  the  firing,  and  found  appa- 
rently unchanged. 

Compression  of  parts  of  system. 

The  cartridge  which  stood  the  charge  was  measured  from  the  impres" 
sion  left  by  the  edge  of  the  counter-bore  to  the  highest  point  of  the  he^d" 
This  distance  was  found  to  be  C.087,  showing  a  compression  under  the 
strain  of  the  explosion  of  the  parts  of  the  breech  mechanism  =  Q".087  — 
0".075  =  0".012. 

Effect  on  gun. 

This  compression  was  sufficient  to  raise  the  hammer  to  the  half-cock 
notch  by  the  lifting  of  the  firing-pin  guard.  The  cam-latch  stood  at 
about  3(P  toward  opening. 

The  area  operated  upon  by  the  gas  pressure  to  produce  shearing  is 
determined  by  [  =  0'^087  -  0'^03  =  0''.057. 

P  was  determined  exx>6rimeutally  by  the  Rodman  pressure-gauge  at 
about  37,500  pounds.  The  cut  exceeded  slightly  the  limits  of  the  dynam- 
ometer, 

(Note. — In  this  experiment  the  counter-bore  space  being  invariably= 
0".070,  from  the  character  of  the  fixture  in  which  the  pressure  housing 
was  held,  there  was  no  sign  of  rupture  of  the  metal.) 

Consequently,  S  =«  I  (37,500  x  0.057)  =  1,282.5  poimds,  very  nearly  the 
ultimate  strength  of  tlie  material  as  found  from  the  testing  machine,  viz, 
1,100  pounds.  Hence  the  co-efficient  of  comparison  may  be  taken  =  1. 
This  accordance  goes  far  to  substantiate  the  theory  of  the  Bodman  pres- 
sure-gauge. 

The  difference  of  182.5  pounds  may  easily  be  attributed  to  the  tangen- 
tial strength  of  the  cylinder,  to  inaccuracies  of  measurement,  and  to  the 
circumstances  detailed  above. 
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AppUeation  to  service  charge — Abscissa  of  comparison  at  700  pounds. 

In  praetic^e  with  the  service  charge  the  gun  sets  back  to,  say,  (K'.OTo^ 
then  ( =  .045.  The  pressure  25,000  pounds,  and  S  =  675  pounds ;  this 
gives  OS  then  a  feir  co-ordinate  of  comparison  for  the  conditions  of  i)rac- 
tiee.  Calling  it,  for  safety,  in  round  numbers  700  pounds,  we  obtain  the 
areas  of  resihence  given  in  Table  VI  under  the  head  of  inch-pounds  re- 
^enee  up  to  700  pounds  strain.  These  are  convenient  numerical  expres- 
sioQs  for  the  oontinuous  ductility  of  the  metals  under  oonsididration,  up 
to  the  critical  700  pounds  strain. 

Table  VI. 


lUM  It.  I 

pwa.       (bnivt. 
BrpftiiBg  tensile 

«*naL  pounds. 

TocU  (4r«gat]aii 

.Lna  oi  fnctoT^  ^ . . 

Vmrton 

nt3ait«    resilience, 

fto-Monds. 
Ke^iUeoee,  inch- 

pocnds     to     700 


AnfloniA  oopi>er. 


Brass. 


xn. 


s 


§ 

o 


,fboU 

BStBtenaile  re«il- 


Ira c€  fraetore,  %. 
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24  ....  22  I 
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.0226  0.27 
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.0009  0012 
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4.06  ....  8.5 


76.1    ....   (t)76 

2.0    ....     2.8 

70    ....   (t)64 
4.45  4.31  4.52  4.31 
87°. ...I    165° 


24 
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67 

.0022 

41.2 

1.4 


<115 
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430 


I 
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63 


44.4+ 
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1 


t 


26 
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65 

.0026 
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15 
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65 
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25 
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23 

21 
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n 
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steel. 


M 


^ 
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<10       17 
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.0167  0.126 
75 

.0058 


82 

2.03 

65.0 

2.04 

69 

5.31 

264«(0 


15.65 
1.08 


7.5 
30° 


*  See  Table  IE,  anom. 


t  Actual. 


Comparing  the  indications  given  by  these  curves  and  the  bending  test 
with  the  results  of  firing  in  the  ^prouvette,  the  following  deductions  may 
lofely  be  drawn : 

GENERAL  DEDUCTIONS. 


Predication  of  metals  apt  to  burst, 

L  That  with  metals  of  standard  form  and  section,  having  at  700  x>ounds 
strain  an  area  of  resilience  less  than  10  inch-pounds,  and  opening  after 
bending  at  less  than  200o,  rupture  is  apt  to  occur  from  bursting  in  the 
flange—^  failure  which  can  only  be  remedied  by  the  use  of  interior  gas 
eb^d^  since  increasing  the  thickness  of  the  metal  will  probably  only 
inerease  the  likelihood  to  rupture  from  bending. 

Predication  of  metals  apt  to  shear. 

2.  In  cartridges  parting  by  shearing,  however,  it  has  been  proved  by 
experiment  that  the  strength  is  increased  in  proportion  to  the  thickness 
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of  the  walls  at  the  shearing  point;  consequently,  in  metal  ductile  enough 
not  to  be  subject  to  the  former  intraetable  defect,  the  task  of  stren^h- 
ening  the  cartridge  becomes  comparatively  a  simple  one,  as  it  merel,>' 
involves  thickening  the  waUs  to  the  ftdl  extent  allowed  by  the  8i>ecial 
construction  of  the  cartridge  case.    (See  Appendix,  page  681.) 

Note. — ^An  exception  to  this  rule  appears  in  the  case  of  annealed 
brass,  which,  notwithstanding  its  low  area  of  resilience  at  700  potinds 
and  its  low  angle  of  opening  after  bending,  yet  behaves  in  the  ^x>roii- 
vette,  when  annealed  after  holding,  precisely  as  does  the  far  more  ductile 
Moff'et  metal.  This  presents  an  anomaly  which  can  only  be  explained 
by  a  more  protracted  research,  from  which  I  was  unfortunately  debarred 
by  a  laek  of  the  necessary  material.  Annealing  the  head  of  the  bra^s 
cartridge  before  priming  it  also  seemed  to  increase  its  strength  greatly, 
with  but  little  resistance  to  extraction  from  sticking. 

Comparative  value  of  merchant  and  Moffet  copper^ 

3.  The  merchant  copper,  judging  from  the  indications  of  the  ^prouvette, 
is,  if  anything,  a  little  better  than  the  Moflfet  copper^  and  consequently, 
if  we  should  neglect  the  teachings  of  the  wide  expenence  of  the  depart- 
ment with  the  latter  metal,  might  be  preferred  to  it  as  a  standard.  Its 
lower  bending  value,  however,  285o  'cs.  360^  +,  seems  to  render  it  pos- 
sible that,  on  an  extended  trial,  cartridge  cases  made  from  it  might  be 
found  apt  to  burst  in  the  fold.  It  is  also  apparently  less  uniform.  (See 
Table  11.)    Its  greater  hardness  may  increase  the  cost  of  manufacture. 

ESSENTIAL  CHAEACTERISTICS  OF  GOOD  CARTEIDGE  METAL  FOR  SERV- 
ICE CARTRIDGE. 

Taking  everything  into  consideration,  I  am  inclined  to  think  that  a 
metal  ha^ing  a  bending  value  of  300^  -j-,  with  an  ultimate  sti'ength  of 
about  1,200  pounds  and  an  ultimate  extension  of  about  0''.30,  and  having 
an  area  of  resilience  at  700  pounds  of  about  20  inch-pounds,  would  be 
apt  to  give  the  most  satisfactory  results. 

Note. — ^The  Moftet  and  merchant  curves  themselves  give  limits  within 
which  good  work  will  almost  certainly  follow. 

Minor  characteristics  of  good  cartridge  metal. 

If  with  the  above  conditions  can  be  harmonized  a  resistance  to  tensile 
shock  applied  through  a  falling  weight  of  16.5  pounds  of  about  3.2  times 
the  area  of  resilience  due  to  tensile  strain ;  and  a  punching  resistance  to 
penetration  by  a  falling  weight  of  3  pounds  operating  on  a  sharp  half- 
mch  i)unch  and  die  of  about  4.0  foot-pounds ;  and  if  the  areas  of  rupture, 
due  to  tensile  strain,  be  found  about  65  per  cent,  of  the  original  areas 
of  least  resistance ;  then  it  may  be  said  that  the  best  metal  has  been 
found  for  the  manufacture  of  the  ser>ace  cartridge. 

Bequest  for  a  Thurston  testing  machine. 

I  hope  that  the  apparent  dogmatism  of  these  remarks  may  be  thought 
due  to  nothuig  but  to  my  desire  to  express  concisely  the  teachings  of 
the  experiments  I  have  herein  described.  The  apparatus  used  in  them 
is  of  the  rudest  character.  Its  entire  cost,  aside  from  that  of  old  mate- 
rials and  tools  utilized  for  its  puipose,  was  about  830. 
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Tliere  is,  therefore,  a  i)OB8ibility  of  error  in  the  premises  from  which 
the  ooDclnsions  above  stated  were  deduced. 

If,  however,  no  greater  fault  in  the  method  adopted  in  the  inquiry 
should  be  revealed  by  the  light  of  criticism,  I  would  advise  the  prosecu- 
tion of  these  inquiries  with  a  more  delicate  testing  machine,  capable 
especially  of  regarding  the  circumstances  of  tensile  strain  below  700 
pounds. 

I  am  now  in  corresi)ondence  with  Professor  Thurston,  of  the  Stevens 
Institute,  in  regard  to  the  adaptation  of  his  torsional  testing  machine  to 
the  eiamination  of  sheet  cartridge  metals,  and  he  has  now  in  hand 
Kpwimeng  of  the  different  materials  herein  discussed.  If  he  should  be 
able  to  alter  his  machine  so  as  to  obtain  as  good  and  interesting  results 
35  thoee  reported  in  his  experiments  with  sx)ecimens  of  the  ordinary  cir- 
cular section,  I  would  urgently  advise  it«  purchase.  There  is  no  other 
iwthod  known  to  me  whereby  the  circumstances  affecting  the  life  of  a 
jpecimeii  undergoing  strain  can  be  so  accurately  determined  as  from  the 
autobiography  which  the  Thurston  machine  records.  I  believe  such  a 
machine  would  be  of  very  general  value  throughout  the  department.  It 
i^mneh  used  by  the  Pennsylvania  Railroad  Company  and  others. 

Chemical  analysis, 

h  combination  with  this  I  would  advise  a  chemical  analysis  involving 
specific  gravities  of  the  various  metals  herein  reported  on  or  to  be 
hereafter  tried.  I  am  informed  that  the  laboratory  at  Watertown  Ar- 
*oal  ia  well  prepared  for  such  investigations. 

To  give  a  categorical  answer  to  the  inquiry  eliciting  this  report, 
I  vonld  respectfully  report  that  I  find  that,  except  the  Moffet,  the  Mer- 
<tot  oop]>er  is  the  only  metal  tested  which  I  consider  suitable  for  the 
namifacture  of  the  service  cartridge.  A  possible  exception  to  this,  as 
abeady  suggested,  may  exist  in  the  case  of  brass  annealed  in  the  head 
Wore  priming. 

In  connection  with  this  report  are  submitted  drawings,  plates  I  to 
nu,  inclusive,  and  an  abstract  from  the  record  of  tests,  giving  the  data 
fe>m  which  the  conclusions  above  mentioned  were  derived. 


APPENDIX. 

It  was  found  necessary  to  determine  whether  it  was  safe  to  assume,  in 
wnstructing  the  preceding  curves,  that  a  correction  should  be  made  for 
>%ht  differences  from  tiie  standard  (thickness  of  O^'.OSO),  by  increasing 
w  diminishing  the  indicated  strains  ii)  proportion  to  the  sectional  areas 
of  the  specimens  tested. 

Accordingly,  specimens  of  Moffet  copper  of  the  standard  form,  but 
varying  in  thickness  from  0"m7  to  0".025,  were  tested. 

ftom  the  results  obtained  under  tensile  strain  the  curves  a  /,  Plate 
yin,  were  plotted^  as  for  the  standard  thickness,  by  diminismng  or 
increasing  the  strams  corresponding  to  the  various  elongations. 

At  the  same  time,  in  order  to  ascertain  the  variation  between  different 
•strips  of  the  same  lot  of  copper  and  between  different  lots  of  copper,  the 
f'^rves  d  and  e  were  deduced,  e  being  from  old  copper  that  had  been 
J^  the  shoj)  for  many  months  or  years.  Preceding  curves  had  all 
^&  plotted  from  the  mean  results  of  several  specimens  taken  frt)m  the 
^^^  sheet  of  copper. 
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It  appears  that  the  following  conclusions  may  be  drawn  from  the  ex- 
amination of  these  curves: 

That  it  is  not  safe  to  act  upon  the  assumption  above  noted,  not  only 
on  account  of  the  extent  of  accidental  variations  between  various  speci« 
mens  of  presumably  the  same  origin,  but  also  on  account  of  a  certain 
intrinsic  strength  which  appears  to  i)ertain  to  small  se<;tions. 

The  experiments  have  not  been  sufficiently  extended  to  make  these 
conclusions  positive,  but  it  seems  as  if  the  skm  of  hard  metal  resulting 
from  rolling  must  probably  be  of  nearly  the  same  absolute  thickness  in 
any  metal,  and  hence  of  greater  proportionate  thickness  in  the  thinner 
metals. 

As  much  of  the  strength  of  the  metal  results  from  the  resistance  of 
this  skin,  the  greater  proportionate  strength  of  the  thin  metal  is  prob- 
ably explained. 

Examples:  The  acttuxl  curve  (not  plotted)  of  (K'.031  copper  is  below 
that  of  ciu've  c  of  the  0".030  section,  and  by  assimilation  it  is  necea- 
sarily  still  further  reduced  to  a  position  below  that  of  any  other  thick- 
ness. An  examination  of  the  steel  curves,  Plate  VL  confirms  these 
opinions.  The  curve  a,  Plate  VIII,  opposes  them.  This  may  be  due 
to  the  fact  of  this  copper  having  been  made  for  a  special  form  of  re- 
loading cartridge. 

The  curve  d  shows  that  it  is  reasonably  safe  to  take  the  results  from  a 
single  sheet  as  t^i^ical.  The  curve  e  would  indicate  either  that  the  man- 
ufactui*er  has  recently  increased  the  stiffness  of  the  metal  or  that  its  ini- 
tial tension  is  relaxed  by  time. 

The  curves  g,  h,  t,  j,  fc,  Plate  YIII,  seem  generally  to  confirm  these  opin- 
ions. As  a  rule,  the  smaller  the  section  the  stiffer  proportionately  is  the 
specimen. 

The  curved  pieces  give  stiffer  results  than  the  straight  ones,  but  nat- 
urally the  latter  give  vastly  greater  ultimate  extensibility. 

VERIFICATION    OF    THEORY    OF    RESISTANCE    TO    SHEARING    BY    GAS 

PRESSURE. 

In  order  to  test  the  theory  of  resistance  enunciated  on  page  678. 1  fired 
from  the  6prouvette  several  cup-anvil  cartridges  made  from  reloading 
cartridge  metal  0".037  thick,  in  comparison  with  the  service  cup-anvil 
cartridge  made  from  0".030  metal. 

Calling  the  distance  c  d,  Plate  I,  Fig.  2  =  i,  and  the  thickness  de^t^ 
the  relative  strength  of  the  cartridges  wiU  be  expressed  by  the  formula 


In  the  service  cartridge  f  =:(K'.025— and  for  2,  cartridge  head  space, 
=  0".70  .-.  I  =.070-.030  =  .040. 
In  the  thickened  cartridge  t  =  O^'.OS  and  ^=.070  —  .037  =  .033. 

,  =  |,.625.    «'=!  =.909 

SIS'  ::  625  :  909. 

Owing  to  certain  changes  in  the  6prouvette  the  service  cartridge  on 
this  occasion  sheared  at  17  grains  of  English  rifle  powder.  Supposing 
the  increase  in  pressure  to  be  directly  proportionate  to  the  charge,  which 
for  small  variations  is  approximately  true,  the  strength  of  the  fiiickened 
cartridge  might  be  deduced  fr^om  the  proportion 

s:s'::625:d09  r.n  :x.    x  =  24.7  grains. 

By  experiment  one  thickened  cartridge  sheared  at  25  grains,  four 
others  filling  the  recess  by  swelling  so  as  to  prevent  shearing.  Experi- 
mental Eecord,  Frankford  Arsenal,  p.  75. 
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HEASTJRma  WHEEL. 

The  little  instrament  shown,  Plate  IV.  Fig.  1,  was  adapted  to  the  con- 
inenient  measurement  of  the  areas  of  resilience  by  the  following  additions 
to  tile  ordinary  opisometer : 

The  edge  of  the  firame  was  graduated  so  as  to  show  directly  the  num- 
ber of  inches  traveled  by  wheel  to  within  the  length  of  one  turn ;  frac- 
tk>n.4  of  tonis  could  be  read  from  the  side  of  the  wheel.  Both  readings 
cxwld  be  accurately  made  by  means  of  the  traveling  pointer  shown,  which 
also  served  as  a  datum  point  in  taking  the  sum  of  a  number  of  discon- 
nected lines. 

The  mode  of  using  the  instrument  was  as  follows :  The  wheel  was  run 
orer  aU  the  ordinates  of  the  curve  in  succession,  starting  and  stopping 
tbe  wheel  in  every  case  with  the  pointer  on  the  end  of  the  line. 

The  total  reading  in  inches  divided  by  4  gives  the  area  in  foot-pounds. 
For  calling  I  =  length  of  sum  of  ordinates  in  inches,  and  n  =  number  of 

oidinateSf  —  equals  length  of  the  mean  ordinate  in  inches.    As  the  scale 
is  3  spaces  =  one  inch,  —  x  3  =  number  of  space  sin  mean  ordinate ; 
and—  X  3  X  n  =  3^  =  area  of  curve  in  squares  =  inch-pounds. 
For  fix)t-poiinds  divide  by  12,  or  ^^  =-j-  =  area  in  foot-pounds. 
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APPENDIX  O. 

ANOMALIES    OF    SMALL-ARM   PRACTICE,    BY   MAJ.    J.   P.   FARLEY,   ORD- 
NANCE DEPARTMENT  UNITED  STATES  ARMY. 

(Three  plates.) 

National  Armory, 
Springfield^  Mass.j  January  18,  1876. 

I  have  the  honor  to  report  the  results  of  experiments  conducted  at  the 
annory  for  the  purpose  of  veritying  and  explaining  certain  variations  in 
the  sigliting,  or  angle  of  eighty  of  small-arms  when  fired  under  different 
conditions. 

The  questions  under  consideration  have  a  direct  bearing  upon — 

I.  Tlie  best  method  of  sighting  small-arms  or  establishing  elevations 
for  sight  graduations. 

II.  Interchange  of  ammunition,  as  provided  for  the  rifle  and  carbine. 
IIL  *'  Fixed-rest  ^  practice  as  compared  with  "  oft-hand  ^  firing. 

The  most  striking  anomaly  develoi)ed  by  this  investigation  was  first 
brought  to  my  notice  in  November,  1874,  and  in  March,  1875,  when,  in 
the  conduct  of  experiments  for  the  determination  of  powder  charges, 
weight  of  balls,  and  length  of  bore,  it  was  found  that  for  the  range  of 
33  yards  and  less  the  rifle  elevation  had  to  be  decreased  as  the  powder 
charge  diminished,  in  order  to  strike  the  small- velocity  target.  This 
anomaly  was  quite  marked  for  the  interchange  of  rifle  and  carbine  am- 
mmiition,  fired  from  the  carbine^  and  it  developed  in  this  arm  up  to  the 
range  of  300  yards,*  beyond  which  the  greater  remaining  velocity  due 
to  heavy  powder  charges  overcame  the  anomalous  practice. 

THE  TRIAL. 

Practical  tests  were  made  for  the  purpose  of  ascertaining — 

I.  The  comparative  "  drop  ^  or  fall  of  the  rifle  and  carbine  cartridge 
balls,  for  various  ranges,  when  fired  from  the  carbine  and  the  rifle. 

II.  The  actual  motion  of  the  muzzle  of  the  carbine  when  it  starts  from 
a  state  of  rest,  due  to  the  disturbing  influence  of  the  force  of  discharge. 

in.  The  velocity  of  the  ball  in  the  bore  of  the  carbine  and  the  time 
the  system  remains  connected. 

IV.  The  time  that  elapses  between  the  first  movement  of  the  muzzle 
of  the  arm  and  the  passage  of  the  ball  from  the  bore. 

•NoTK.— Spirit  of  the  Times,  New  York,  April  13, 1878.— [Editorial  Extract.]—"  *  *  * 
MetfonVs  idea  of  the  lowering  of  the  elevation  through  the  springing  of  the  rifle  from 
the  kick  of  the  recoil  is  one  which  has  been  before  referred  to  in  the  Spirit.  It  is  for 
this  reason  that  at  short  distances  smaU  charges  so  often  shoot  higher  than  large  ones. 
Onr  miUtary  readers  will  remember  the  astonishment  which  was  created  in  the  armory 
rifle  practice  of  the  National  Quard  of  the  State  of  New  York  a  year  or  so  ago,  when 
it  was  fonnd  that  shells  loaded  with  thirty-five  grains  of  i)owder,  at  150  feet,  shot  6 
inches  higher  than  those  loaded  with  seventy  CTaius.  This  arose  from  this  springing  of 
the  rifle  barrel  downward  with  the  heavier  charge.  It  is  to  be  hoped  that  this  elab- 
orate article  of  Mr.  Metford's  will  meet  with  a  cordial  reception  from  American  rifle- 
men. They  are  not  only  anxious  to  shoot  well,  but  ^^  to  know  the  reason  why  " ;  and 
it  is  only  through  communications  of  this  description,  embodying  the  results  of  years 
of  scientific  experience  by  men  like  Mc  Motford.  that  that  knowledge  can  be  acquired." 

The  recent  investigation  of  W.  E.  Metford,  U.  E.,  assigns  a  practical  value  to  this 
anomaly,  and  in  this  connection  attention  is  inviteil  to  tlie  date  of  experiments  at  the 
armory,  establishing  the  path  of  the  muzzle  of  small-arms  under  the  force  of  discharge 
and  during  the  time  of  passage  of  the  ball*  through  the  bore. 
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Y.  The  relation  of  the  difterent  parts  of  the  system  and  forces  acting, 
both  before  and  at  the  instant  of  discharge. 

GENERAL  DESCRIPTION  OF  ARMS. 

Carbine,  models  1873  j  weight,  7  pounds  j  total  length  of  barrel,  22 
inches. 

Globe  and  peep-sight  for  300  and  500  yards. 

Bifle,  model  1873  5  weight,  without  bayonet,  8 J  pounds ;  total  length 
of  barrel,  32.6  inches. 

Globe  and  peep-sight  for  300  and  500  yards. 

GENERAL  DESCRIPTION  OF  AMMUNITION. 

The  carbine-cartridge,  55  grains  powder,  405  grains  ball. 
The  rifle-cartridge,  70  grains  powder,  405  grains  ball. 
Velocity  of  carbine-baU  fix)m  carbine,  1,0^  feet.    Eecoil,  155  pounds. 
Telocity  of  carbine-ball  from  rifle,  1,107  feet.    Becoil,  142  pounds. 
Velocity  of  rifle-ball  from  carbine,  1,210  feet.    Becoil,  182  pounds. 
Velocity  of  rifle-ball  fit)m  rifle,  1,320  feet.    Becoil,  174  pounds. 
This  is  the  ratio  of  velocities  that  generally  obtains,  and  the  compara- 
tive measures  of  recoil  on  spiral  spring. 

MODE  OF  CONDUCTINa  TARGET  PRACTICE. 

The  firing  was  done  under  my  personal  supervision  by  the  principal 
marksman  of  the  armory.  The  target  records  were  all  made  for  the 
various  ranges  by  firing  40  shots,  20  of  each  kind  of  ammunition  alter- 
natelj/j  under  precisely  the  same  conditions  from  the  same  arm.  The 
ranges  of  300  and  500  yards  demanding  greater  steadiness  than  "off- 
hand" practice  afforded,  firing  frt>m  the  shoulder,  with  an  elbow  rest  and 
with  the  muzzle  lightly  resting  on  an  eUistic  support,  was  resorted  to  for 
these  ranges,  and  the  aim  was  taken  tlirough  the  globe  and  peep-sight 
for  all  the  ranges. 
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Table  iNo.  1  and  target  diagrams,  Plate  I,  show  an  anomalons  eflFect, 
due  to  diiference  in  powder  charges  (70  and  55  grains)  in  the  carbine  prac- 
tice, within  range  limits  of  300  yards,  the  center  of  impact  of  the  ball 
having  an  initial  velocity  of  1,080',  being  above  that  for  the  same  ball 
having  an  initial  velocity  of  1,210',  the  arm  being  fired  in  the  manner 
before  specified. 

Table  No.  2  exhibits  the  rifle  practice  without  anomaly ;  the  ball  hav- 
ing an  initial  velocity  of  1,320^,  keei)ing  above  the  same  ball  with  an 
initial  velocity  of  1,107'^  as  it  should,  under  the  condition  of  the  angle  of 
departure  and  angle  of  sight  or  elevation  being  the  same*  For  very  marked 
difference  in  powder  charges  the  anomaly  develops  as  well  for  the  rifle 
as  for  the  carbine,  but  does  not  hold  for  ranges  greater  than  100  yards. 

MOTION  OF  BABBEL. 

To  ascertain  if  there  is  motion  in  the  arm  at  the  instant  of  discharge, 
which  would  be  likely  to  produce  the  effect  noted  in  target  practice,  a 
carbine  was  held  as  shown  at  Fig.  1,  Plate  III. 

The  sight  in  front  with  the  blackened  point  of  the  hook  being  placed 
in  direct  contact  with  a  vertical  screen,  S,  the  carbine,  when  fir^,  left 
a  black  dot  on  the  screen,  indicating  the  original  point  of  contact  of  the 
hook.  Slightly  inclining  the  screen,  to  catch  any  downward  motion  of 
the  muzzle  (which  was  anticipated  to  accord  with  the  practice),  the  car- 
bine when  again  fired  left  upon  the  screen  a  well-defined  line,  starting 
from  the  original  point  of  contact  of  the  hook  and  running  down  along 
the  screen  until  the  motion  of  the  arm  to  the  rear  exceeded  the  downward 
motion  of  the  muzzle.  Inclining  the  screen  more  nearly  horizontal,  the 
carbine  was  a  third  time  fired,  and  the  hook  point  recorded  a  longer 
line.  After  this,  the  screen  was  inclined  so  as  to  catch  any  upward  mo- 
tion of  the  muzzle,  and  the  carbine  fired,  but  in  this  case  the  hook  did 
not  rise  or  touch  the  screen  until  the  arm  had  moved  an  inch  or  more  to 
the  rear. 

With  points  established  by  this  method  the  Ml-size  cur\''e8  or  paths 
described  by  the  muzzle  of  the  carbine  are  shown  at  A,  B,  and  0,  Fig.  2, 
Plate  III,  A  being  the  path  when  70  grains  powder  charge  was  fired, 
and  B  and  0  the  paths  due  to  55  and  20  grains,  respectively. 

In  order  to  confirm  the  method  of  tracing  the  path  of  the  muzzle,  a 
pointer  was  attached  to  it  and  brought  up  against  a  vertical  screen  i>ar- 
aUel  to  the  plane  of  fire  or  plane  of  recoil,  and  the  pointer  described  the 
curves  indicated  in  Fig.  3,  Plate  IIL  E  W  E"  E'",  for  the  rifle-cartridge, 
and  0  for  the  carbine-cartridge.  Having  ascertained  that  there  is  an 
actual  motion  of  the  barrel,  more  or  less  marked  in  proportion  to  powder 
charge,  and  in  harmony  with  the  target  practice,  it  is  next  in  order  ta 
determine — 

THE  VELOCITY  OF  BALL  IN  THE  BOBE. 

The  space  is  19  inches,  and,  knowing  the  velocity  sought-,  the  motion 
of  the  system  may  be  computed  and  the  time  ascertained  auring  which 
the  system  remains  connected.  Knowing  the  time  between  the  ignition 
of  powder  charge  and  the  first  downward  tendency  to  motion  of  the 
muzzle,  the  position  of  the  baU  may  be  determined  when  the  "  dip  "  i& 
well  developed. 

The  "Le  Bouleng^  Micro-Chronometer''  has  l>een  used  to  record  the 
required  times,  and  the  rifle  in  place  of  carbine,  as  offering  a  greater 
length  of  bore  on  which  to  base  the  experiment. 
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A  wire  paBsing  a  little  in  front  of  the  ball  at  it«  seat,  and  anotber  across 
the  muzzle,  constituted  the  first  and  second  targets.  The  rifle,  with  rifle- 
cartTidge,  was  then  fired  and  the  times  recorded  for  four  shots,  noted  in 
Table  3. 

Table  No.  3. — Time  of  passage  of  hall  from  seat  of  charge  to  muzzle  of  rifle. 


Nanibcr  of 
shots. 

Time. 

Velocity  per 
second. 

1 
2 
3 
4 
Mean 

// 

0.00343 

.00216 
.00285 
.00259 
.00275 

FetL 

732 
1,157 
877 
965 
932 

The  practical  method  of  measuring  an  interval  of  time  so  minute  as 
(y^00275  may  be  attended  with  instrumental  errors,  therefore  the  results 
are,  at  your  mggestian^  verified  in  the  following  manner : 

Ordnance  Notes  No.  XXXVIII  gives  the  velocities  for  various  lengths 
of  barrel^  including  length  of  chamber: 

&'  length.  704'  initial  velocity. 

12"  length,  1,10(K  initial  velocity. 

22"  length,  1,210'  initial  velocity. 

26"  length,  1,254'  initial  velocitv. 

32".6  length,  1,320'  initial  velocity., 

If  the  resistance  to  powder  charge  be  comtmit  the  quantity  of  work 
performed  would  be  measured  by  the  product  of  tlie  resistance  into  the 
path  described  by  its  i)oint  of  application.  In  other  words,  the  motion 
of  the  ball  being  uniformly  accelerated,  its  mean  rate  of  velocity  per 
second  through  the  bore  comes  from  the  relation 

2 

The  resistance  being  variable  for  different  lengths  of  bore  (as  before 
shown),  the  velocity  is  estimated  by  taking  the  sum  of  the  elementary 
times  and  quantities  of  work.  By  this  method  we  have  from  the  rela- 
tion established — 

1254'  +  1320'  ^  y^i^if^y  for  flrgt  jfraction  of  path  (6".6  or  '.55)  =  1287', 

t-:^,f  =  — -,  =".000435; 
1210'  +  1254'  ^  y^i^^ity  for  second  fraction  of  path  (4"  or  '.33)  =  1232', 

«'  =  ^,=  "•000208} 
121(K  +  IKKK  ^  velocity  for  third  fraction  of  path  (10"  or  '.83)  =  1155', 

/!>—    '*^      —  "000717* 
1 100'  +  704'  ^  velocity  for  fourth  fra<5tion  of  path  (7"  or  '.58)  =  902', 

^•=5o'^^  =".0000435 
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'^^'  +  ^     =  velocity  for  fifth  fraction  of  path  {V'M  or  M2)  =  352', 

t^=~,  =''.000340. 

T=re+^  +  *^ +  <«  +  <*. 

T  =  (".000435  +  ''.000268  +  ".000717  +  ".000643  +  ".000340  =  ".002403. 
8  =  2'.424  =  space.) 
V-A-_2'-424     ^^^g^, 

""    T    "■  ".002403 


(Equation  7, "  Bartlett's  Mechanics.")    Q  =  Crds. 


Q,  the  quantity  of  work,  is  equal  to  the  area  included  between  the 
patili  8y  in  direction  of  resistance,  the  curv^e  whose  ordinates  are  the  dif- 
ferent values  of  P,  and  the  ordinates  which  denote  the  extreme  resist- 
ances. As  the  equation  for  the  curve  which  connects  the  resistance  with 
the  path  in  the  special  case  under  consideration  is  not  known^  the  work 
cannot  be  estimated  by  simple  integration,  but  the  estimate  is  made  in 
the  manner  prescribed  ("  Bartlett's  Mechanics,'^  equation  10) : 

Q  =  Jeie,[«i'i  +  4esir,  +  ^3'3  +  4%'4-l-2«5'5  +  4%'6  +  V7]. 
In  equation  (10)  Q  =  quantity  of  work  for  a  length  of  barrel  over  which 
velocity  of  ball  is  measured. 

=  ('.404  X  6)  =  (2'.424) 

Cie2  =  '.404>e2r2  =  817'    >  64  r4  =  1155' (6fer«  =  1265'; 
Ciri=0       )e3r3=:1100'J<%r5=:1210')a7r7  =  1320'; 

Q  =  .1345  [0  +  3268  +  2200  4-  4620  +  2420  +  5060  + 1320]  5 

Q  =  2540; 

Q    —1047/ 

2'.424 

Velocity  of  rifle  ball  in  rifle  by  experiment 932' 

Velocity  of  rifle  ball  in  rifle  by  sum  of  times 1087' 

Velocity  of  rifle  ball  in  rifle  by  quantity  of  work 1047' 

Mean  velocity 1022' 

Correct  for  carbine  length. 

V=^^— =904'; 
".0017  ' 

904'= velocity  rate  of  ball  in  passing  through  bore  of  carbine. 

From  the  foregoing  calculations  and  experiments  it  is  found  that  the 
velocity  of  the  rifle  cartridge  ball  through  the  bore  of  the  carbine  is  at 
the  rate  of  904  feet  x>er  second,  and  the  time  of  passage  through  the  bore 
is  ".0017. 

To  obtain  the  quantity  of  motion  of  the  carbine  due  to  904  feet  for  the 
ball,  substitute  in  equation  (1)  values  for  m  v  and  M — 

405 

Y-^J.m  v^  ^    X904 

M  ^^  49000 

g 

m  =^grs.  V  =  7'.47 

g 

V  =  904' 

M  =IJ!^*  ^^  ^??2f^  ^E^  V=  89"  64 
9  9 
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As  the  carbine  moves  to  the  rear  r89".64J  inches  per  second,  therefore 
dnring  the  time  (".0017)  that  the  ball  remams  m  the  bore  the  arm  should 
pass  OTer  an  interval  of  fifteen  hundredths  of  an  inch. 

In  this  time,  as  shown  by  the  curves,  Fig.  4,  the  muzzle  has  fallen  in 
a  more  rapid  ratio  than  it  has  receded ;  therefore,  theoretically,  the  dij) 
of  the  muzzle  has  exceeded  fifteen  hundredths  of  an  inch  as  the  ball 
leaves  the  bore. 

PRACTICALLY    TO   DETERMINE  IF   BALL  IS  IN  BORE  DURING  MOTION 

OF  BARREL. 

The  "Le  Bouleng^  Micro-Chronometer''  has  been  used  to  measure  the 
interval  between  the  first  downward  motion  and  the  passage  of  the  ball 
from  the  muzzle.  It  was  not  known  whether  the  result  would  be  recorded 
positively  or  negatively  on  the  instrument,  since  the  resistance  due  to 
the  inertia  of  the  mass  of  the  carbine  might  give  negative  readings,  or 
show  that  the  ball  actually  did  get  away  before  the  motion  was  commu- 
nicated to  the  arm.  To  ascertain  this  point,  the  hook  of  the  carbine  in 
the  circuit  of  one  target  was  placed  against  a  copi)er  plate  (also  in  the 
same  circuit),  made  fast  to  the  screen,  and  was  so  adjusted  as  to  necessi- 
tate a  downward  motion  of  ''.05  before  the  circuit  should  be  broken.  A 
wire  stretched  across  the  muzzle  carried  the  circuit  of  the  other  target. 

Four  shots  were  fired  with  the  carbine  adjusted  as  stated,  with  the 
following  records  or  intervals  of  time  between  the  ".05  motion  of  the 
barrel  and  the  passage  of  the  ball  from  the  muzzle : 

No.  1 ".000259 

No.  2 ".000389 

Xo.  3 ".000390 

Xo.  4 ".000584 

Mean ".000405 

This  places  the  ball  at  a  distance  from  the  muzzle  (in  the  bore)  when 
it  (the  muzzle)  has  fallen  ".05  (inch),  and  jiractice  accords  with  theory. 

RELATION  OF  FORCES.    (See  Fig.  3.) 

The  center  of  inertia  of  the  arm  is  at  G ;  the  left  hand  (at  B)  and  arm 
of  the  marksman  support  a  weight  of  5  pounds,  and  the  shoulder  (at  K) 
a  weight  of  2  pounds,  more  or  less.  When  the  right  hand  is  placed  in 
a  position  at  A,  there  is  an  additional  weight  of  2  x)omids  added  to  the 
weight  of  the  arm,  and  the  center  of  inertia  is  thereby  shifted  to  same 
point  G'. 

The  direct  action  of  the  force  of  discharge  should  impart  upward  mo- 
tion about  the  center  of  inertia,  and  afterward  cause  this  point  (at  G^ 
to  move  in  a  direction  opposite  to  the  motion  of  the  ball,  which  when 
met  by  resistance,  as  the  arm  is  well  set  up  at  the  shoulder  E,  the  mo- 
tion of  rotation  is  further  develojied.  The  path  of  the  muzzle  of  the 
carbiBe  after  the  lapse  of  seventeen  ten-thousandths  of  a  second  of  time 
is  to  the  rear  and  upward,  as  is  to  be  expected;  but  it  is  shown  by  these 
exjieriments  that  during  the  minute  interval  in  which  the  ball  remains 
in  the  bore  the  muzzle  actually  dips  its  line  of  fire,  and  this  in  a  direct 
ratio  with  increase  of  powder  charge.  In  other  words,  the  equilibrium 
maiiit^uned  before  discharge  is  destroyed  at  the  instant  of  ignition  of 
powder  charge.  The  only  forces  acting  before  the  piece  is  fired  are  those 
of  gravity  and  resiatance  to  gravity;  but  when  fired  undoubtedly  there  is 
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a  resultant  effect,  due  to  the  operation  of  several  forces  at  the  moment  of 
discharge,  which  accounts  for  the  departure  of  the  muzzle  from  the  path 
determined  for  it,  when  the  single  force  of  reaction  or  recoil  is  alone  con- 
sidered. 

Under  the  ordinary  conditions  of  practice  the  anomaly  (which  is  veri- 
Aed  by  these  experiments)  does  not  appear,  for  the  reason  that  the  sight 
graduation  for  a  special  ammunition  has  been  verified  and  adjusted  to 
compensate  x)ractical  errors.  The  moment,  however,  there  is  a  depart- 
ui*e  trom  the  conditions  specified  for  the  ammunition  or  for  the  manner 
of  firing  the  arm,  not  only  do  marked  variations  appear  in  the  practice, 
but  variations  as  anomalous  as  unexpected. 

That  a  ball  having  an  initial  velocity  of  but  1,080  should  strike  higher 
than  the  same  ball  i^ith  an  initial  velocity  of  1,210  feet,  fii-ed  alternately, 
under  identical  circumstances,  is  certainly  surprising.  The  neutral  point 
beyond  wliich  the  anomaly  ceases  is  the  one  where  the  greater  remain- 
ing velocity  begins  to  tell  in  favor  of  the  ball  having  the  greatest  initial 
velocity. 

In  this  connection  we  are  brought  to  consider  the  efifect  of 

THE  FIXED  BEST. 

When  an  arm  is  fired  under  perfect  conditions,  as  in  the  "fixed  rest,'^ 
practical  sight-corrections  that  have  been  made  appear  as  errors.  On 
page  180,  Ordnance  Kotes  XXIX,  Vol.  I,  I  find  stated  in  your  report 
on  "Muzzle-rifling'': 

In  the  foregoing  firings^  which  were  all  made  from  the  fixed  rest,  the  aim  for  300 
yards  was  taken  thronf^h  the  100-yard  sight ;  that  for  500  yards  was  taken  through 
the  'JOO-yard  sight.  This  diminution  of  elevation  comes  from  the  fact  that  tho  gun 
was  firmly  attached  to  the  slide  of  the  fixed  rest ;  but  whether  it  was  owing  to  tlie 
manner  the  gun  wasTastened  to  the  slide  or  to  the  diminished  recoil,  from  weight  of 
slide,  at  the  moment  of  firing,  is  not  precisely  known. 

To  confirm  and  as  far  as  possible  explain  these  results,  a  carbine  was 
placed  in  a  "  fixe<l  rest"  and  fired  40  shots  and  off-hand  oO  shots.  (See 
Table  No.  4.)  Again  using  a  line  of  sight  parallel  to  axis  of  bore,  and 
correcting  for  fall  due  to  graAity  {h=^  gt^)j  Tables  Xos.  5  and  6, 1'esults 
from  the  target-practice. 

Table  No,  4. — Comparative  practice  *' off-hand"  and  "fixed  resi^^  33  yards. 


'So.  of  Khot«, 
alternate. 


R.  C.20 
C.  C.  20 


Fixed  rest. 


Above. 


Below. 


8".  64 
3".  62 


Xo.  of  Ahot«, 
alternate. 


R.C.20 
C.  C.  20 


Offhand. 


Above. 


Bt»low. 


5".  71 
4".  65 


No.  of  8hot«, 
alternate. 


Off-hand. 


Above. 


R.C.20 
C.  C.20 


Below. 


6".  67 
4".  37 


Table  No.  5. — Same  as  TalU  Xo.  4,  angle  of  Hght  eliminated. 


No.  of 

Fixed  rest. 

No.  of 
shotM. 

Offhand. 

No.  of 

HhotH. 

Elbow  rest. 

33  yanlM. 

tihotH. 

Above. 

Below. 

Above. 

Below. 

Above. 

Below. 

Corrected  for— 

R.  C.  20  . . 

5".  8 

R.C.20  ! 

10". 74 

R.  C.  20 

9".  72 

^»laFf*and  height 

Corrected. 

"  ■     1 

no. 

1 

4".  »4 



3".  92 

of  sight-line. 

1 

1              *^ 
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Table  No.  Q.—Sifie  fired  same  as  Table  Xo,  5,  33  ^ards. 


Xou  of  sbots. 

Fixed  rest. 

Ko.  0^  ;ihct8. 

Off-hand. 

No.  of  shots. 

Off-hand. 

Above. 

Below. 

Above. 

Below. 

Above. 

Below. 

S.  C.  30 

0 

0 

R.  C.  20 

V'.O 

1 
C.  C.  20 



7".  44 

1 

From  what  is  shown  respecting  the  motion  of  the  muzzle  in  the  usual 
mode  of  firing,  it  is  reasonable  to  conclude  that  whatever  difference  there 
may  be  between  off-hand  and  fixed-rest  practice  is  owing  to  a  greater 
exactness  of  the  latter  method  as  compared  with  the  former.  The  con- 
ditions of  unnatural  constraint  in  the  fixed  rest  should  forbid  its  employ- 
ment as  a  means  of  establishing  standards  of  reference  for  general- 
service  practice ;  and  although  it  answers  well  the  requirements  of  exact 
exx)erimeiits  and  close  investigations,  yet  beyond  this  it  serves  no  prac- 
tical purpose. 

Note. — May,  1878.  My  report  of  February  26,  1876,  shows  a  com- 
paiison  of  the  off-hand  or  natural  arigle  of  elevationj  the  fixed-rest  angle 
ofdej^rturey  and  the  angle  of  departure  theoretically  computed  by  Didion's 
method  for  spherical  projectiles,  modified  by  the  value  of  A  for  the  ''.45 
caliber-8er\ic6  bullet.  In  order  to  present  at  this  time  a  very  exact 
comparison  of  these  angles,  ritie  No.  84852  has  been  selected  at  random 
from  the  daily  manufacture  at  the  armory,  and  its  sight  carefully  verified 
by  the  foreman : 

f  =  angle  of  sight  graduation  for  500  yards, 
f '  =  angle  of  sight  graduation  for  300  yards. 


Sin.  f  = 


l'M75-''.60      ''.575 


=  ".02279. 


25".23  25".23 

f  =  lo  18"  13"  when  very  fine  sight  is  drawn. 

Sin.  «>  =  "'^^-"'^  =   "'^  ==  ".0131, 
^  25".18       25".18  ' 

ip^  =.  (P  45'  20"  when  very  fine  sight  is  drawn. 

The  targets  marked  1, 2,  and  3,  Plate  II,  were  then  made  by  a  skillful 
marksman  with  the  rifle  and  rifle-csirtridge.  The  500  yards  sight-scale 
elevation  (1^  18'  3")  was  employed  for  the  targets  Nos.  1  and  2,  and  the 
sight-scale  elevation  (Oo  45'  20")  for  the  target  No.  3  (fixed  rest). 

The  angle  of  correction  ^"  to  be  applied  to  the  target  No.  3,  or  fixed- 
rest  practice,  in  order  to  bring  its  center  of  impact  up  to  the  point  sighted, 

comes  from  the  relation  tan.  ^"  =  j^  =  .00600, 

f)"  =  OO  21'  0'. 

Applying  this  correction,  and  we  have  (500  yards  range) : 
With  fixed  rest,  angle  of  departure^  1^  6'  20". 
With  off-hand  or  elbow  rest,  angle  ofelevati^m,  1^  18'  3". 
To  find  the  angle  of  departure  by  Helie  ("Traits,  de  Balistique ")  for 
oblong  projectiles  with  ogival  heads,  we  have : 

_15!jr?=      I  H,  ill  which  Jc  depends  for  its  value  upon  a  numerical 
gx        v^^  V  ^ 

coefficient  0.000063,  and  which  increases  with  the  shortness  of  the  radius 
vrith  which  the  ogival  is  struck.  This  number  is  assumed  to  be  correct 
for  the  ".45  caliber  8er\ice  ball. 

X  =  range ;  in  this  case  500  yards  =  1,500  feet. 
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V  =  initial  velocity;  in  tliis  case  1,340  feet,  same  as  for  the  target- 
practice. 

Ic  =  ?  -  =  0.0000472  ^. 
4  vV 

e  =  0.000063  ?^* 

W 

E  =  -^  =  '.0187  =  radius  buUet. 
2 

W  =  405  grains  =  0.057  pounds,  weight  bullet. 

g  =  force  of  gravity  =  32.155  feet ;  its  log.  =  1.507248. 
For  convenience,  in  order  to  avoid  the  use  of  very  small  numbers, 
mxdtiply  both  sides  of  the  equation  by  10^^,  and  it  becomes 

10^<^  sin.  2a       W^       WHyx 
gx        "■   tj*    "^        V    ' 

Solving  the  equation  with  reference  to  value  of  a,  the  elevation  sought, 
and  substituting  _ 

log.      W       =4.543684 

log.      W       =2.761928  ,  i  ita^o.q 

^        ,.2  log-  0  =  1.507248 

log.     ^       =  3.781756  log.  x  =  3.176091 

log.  .00004725= Im)74402  \og.gx  =  4.683339 

log.        Ic        =  7.456158 

log.     Wk     =  3.456158 
log.        X        =  3^76091 

log.  Wkx    =  6.6;J2249  log.     10»»     =  10.000000 

log.        V       =  3.127104  aud  log.      r»      =   6.254208 

log.  12!!^  =  3.505145         log.  -i^  =    3.745792 

lO^^A:  X 
— —  =3199.9  log.      8769.1      =3.9429506 

2010  log.        gx         =4.68:33390 

—^  =  ^^^'^,  log.  (8770.8)  gx  =  8:6202896  =  log.  lO^^  sin.  2a 

8769.1  2a  =  2o  25'  30" 

a  =  lo  12'  45". 

From  the  foregoing  computations  and  target  practice  it  is  shown — 

1.  That  the  elevation  to  be  given  by  the  marksman  is  the  one  estab- 
lished on  the  sight  scale: 

For  500  yards  range  it  is  1©  18'  3". 

2.  Tliat  the  elevation  to  be  given  for  the  "fixed  rest"  is  something  Itss 
than  on  the  sight  scale: 

For  500  yards  range  it  is  1^  6'  20". 

3.  Tliat  the  theoretical  approximate  angle  of  departure  is  something 
between  the  natural  angle  of  elevation  and  the  fixed-rest  angle  of  ele- 
vation: 

By  Hdlie,  for  500  yards  range  it  is  1°  12'  45". 

In  this  instance  the  angle  of  departure  theoretically  computed  for  the 
ogival  head^  oblong  prqje(itile,  is  a  mean  of  the  angles  of  elevation  prac- 
tically applied  for  "oft'-hand'^  and  "fixed-rest"  firing.  It  does  not  fol- 
low, however,  that  the  same  relation  will  hold  for  all  ranges  or  by  other 
methods  of  computation,  but  enough  is  shown  to  indicate  that  for  a 
ser\ice  arm,  intended  to  be  used  by  the  soldier,  all  refined  methods  of 
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theory  and  the  '^  fixed  resf  must  give  way  to  practical  tests  for  the 
regulation  and  adjustment  of  the  sight  scale. 

Arm  No.  S4S52j  taken  at  random  from  the  dally  manufacture  at  the 
armory,  by  its  i)erformance  fairly  illustrates  the  correctness  of  method 
adopted  in  regulating  its  sight  scale.  The  score  made  by  tiie  marksman 
(see  target  No.  2)  was  47,  out  of  a  x)ossible  50  points,  at  a  range  of  500 
^-ardB.  No  correction  of  any  kind  was  made  on  the  elevation  called  for 
by  tlie  sight  scale  for  this  range,  but  precaution  was  taken,  for  the  sake 
of  comparison,  to  draw  a  fine  sight.  Had  the  theoretical  angle  of  de- 
jMrture  been  applied  on  the  sight  scale,  the  center  of  impuct  would  have 
fallen  2'.o  below  the  object  sighted,  and  had  the  fixed-rest  angle  been 
applied,  the  center  of  impact  w^ould  have  fallen  5'  below  the  same  object 
(see  target  No.  5). 

ARM  IN  FIXED  REST  PARTIAULY  LOCKED. 

In  regard  to  the  fixed-rest  system,  as  it  has  to  do  with  the  arm  not 
being  jffrmZy  locked^  reference  to  the  extract  fix)m  your  report  shows  that 
^^partiaJ  experiments  were  made  at  this  armory  some  time  ago,  by 
Brevet  Captain  Stockton,  to  obtain  the  exx>lanation  for  this  and  some 
other  peculiarities  in  firing  arising  from  the  particular  way  a  rifie  is  held 
when  discharged.  I  ho])e  soon  to  be  able  to  complete  these  exx>eriments 
and  forward  a  report  of  them  for  the  information  of  the  Department." 
The  following  is  taken  in  fiiU  from  the  j^mory  Journal  Becord,  Febru- 
ary 10, 1871:  ^^Experimented  with  an  S«  B.  M.  in  different  situations'' 
(see  accompanying  target  records,  table  No.  7).  "  Contrary  to  expecta- 
tion, it  was  found  that  when  the  gun  was  clamped  in  front  of  the  center 
of  gravity  the  shots  were  higher  than  when  clamped  in  rear  of  that 
point;  the  gun  was  next  fastened  to  a  wheel,  so  as  to  admit  of  the  whole 
rotating  evenly."  This  is  all  that  is  contained  in  the  record  or  on  file 
at  the  armory.  In  June,  1871,  however,  the  following  experiment  is 
recorded  by  Captain  Stockton: 

Ananged  a  regulation  barrel  to  try  whether  it  springs  before  the  buUet  leaves  the 
mnzzle : 

The  breech  was  securely  clamped  in  a  vise,  an  adjustable  piece  of  metal  was  placed 
0*^01  above  the  mnzzle.  To  this  piece  a  wire  was  fastened,  which  was  then  passed 
over  a  cleat  and  stretched  directly  across  the  muzzle  of  the  ffun  and  one  inch  firom  it ; 
the  wire  then  led  to  the  Ruhmkorff  coU.  The  wire  from  uie  battery  was  connected 
with  tiie  barrel. 

By  this  means  a  spark  was  thrown  whenever  the  barrel  was  brought  in  contact 
with  the  piece  of  metal  over  the  muzzle,  so  that  if,  on  dischargiuff  the  gun,  a  vibration 
of  0".01  obtains  before  the  bullet  leaves  the  mnzzle,  a  spark  will  be  thrown ;  but  as 
the  wire  in  front  is  cut  by  the  buUet  and  the  connection  destroyed,  a  subsequent 
vibration  wiU  not  have  any  effect.  This  arrangement  was  tried  several  times,  and 
the  piece  of  metal  was  placed  to  the  side  of  and  under  the  muzzle. 

No  spark  was  thrown.  The  distance  of  0".01  was  then  reduced  to  0".076,  but  with 
the  same  result.  This  experiment  seems,  therefore,  to  prove  that  there  is  no  vibration 
of  the  barrel  as  great  as  (r'.075  before  the  ball  leaves  the  bore. 

Table  No.  7. — Arm  u»ed  in  1871,  trial  8.  B,  IT.,  1868  model;  arm  used  in  present  trial. 
carbine,  1873  model;  range  for  Captain  Stockton^ a  results,  200  yards;  present  trial,  30 
pards. 


Biile,  1868«  hdd. 


T'lipcT  bttnd. ........... 

Lower  band  (in  front  of 
C.  G). 

Bntt 

Flxfdreftt 

Offbttod 


Vertloaldeyii^ion. 


AboTe. 

Below. 

*e".24 

y'.48 

***o"" 

* 

4 

0 

29 

Carbine,  1673,  held. 


In  front  of  CO 


In  rear  of  C.  O 

Both  front  and  rear. 


No.  of 
shots. 


5 
25 
25 


Vertical  deviation. 


Above. 


2".  3 


Below. 


8".  6 

0 

«".19 
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The  explanatioii  sought  in  1871  for  the  anomalous  results  noted  in 
Table  Ko.  7  may  be  ivif erred  from. the  experiment  to  ascertain  if  there 
was  any  spring  or  vibration  in  the  barrel ;  but  this  theory  was  not  at 
that  time  sustained,  since,  under  the  special  circumstances  of  constraint 
in  which  the  barrel  was  held  in  a  vise  at  its  rear  end,  there  was  found 
to  be  no  vibration  so  great  as  ''.0075  before  the  ball  left  the  bore. 

This  exi)eriment,  with  the  barrel  locked  or  constrained  at  its  rear  end, 
was  calculated  to  discover  any  wave  or  vibratory  miotion  along  the  bar- 
rel length,  as  such  an  effect  was  suspected  years  'ago  at  the  armory. 
The  faffure  of  the  experiment  to  record  any  such  mo^on  was  probably 
due  to  the  resultant  action  of  all  foro^es  developed  being  coincident  with 
the  axis  of  bore.  The  results  of  "  off-hand  "  carbine  practice  enumerated 
in  this  report,  and  the  paths  described  by  the  muzzle  (curves  Pig.  2,  Plate 
III)  of  carbine  at  instant  of  discharge,  all  point  to  a  disturbance  of  the  line 
of  fire  before  the  ball  leaves  the  bore.  A  rfip  of  muzzle  is  plainly  indi- 
cated, and  this  is  developed  to  a  greater  or  less  extent  in  proportion  to 
powder  charge  or  force  generated. 

In  order  to  ascertain  if  gravity  had  to  do  with  the  downward  motion 
of  muzzle  at  that  moment  when  the  left  arm  of  marksman  might  be  dis- 
turbed in  its  support  by  the  shock  of  discharge,  a  carbine  was  arranged 
with  a  rigid  rod  imderlying  the  lowest  element  of  the  barrel,  but  sepa- 
rated from  the  barrel  by  an  adjustable  interval.  The  rod  being  firmly 
connected  with  the  stock  was  constrained  to  partake  of  all  motion  com- 
municated to  the  carbine  with  the  exception  of  a  »pring  or  buckling  of  the 
barrel  itself.  In  firing  the  carbine  naturally  from  the  shoulder  with  its 
own  cartridge  (55  grs.  x>owder),  an  interval  as  great  as  ".15  was  not 
closed  between  the  rod  and  the  lowest  element  of  the  barrel  at  the  muz- 
zle. When  the  rifle  cartridge,  however,  was  employed  the  interval  closed 
fully,  as  was  indicat-ed  by  the  paint  on  the  rod  being  left  on  the  under 
surface  of  the  barrel  at  the  muzzle.  This  experiment  plainly  indicates  a 
spring  or  buckling  of  barrel  muzzle  toward  the  lowest  side  of  the  arm, 
and  while  this  is  the  probable  cause  of  the  anomalous  results  in  this  trial, 
it  is  not  improbable  that  the  equilibrium  between  gravity  and  resistance 
to  gravity  (shown  at  Fig.  1,  Plate  III)  may  likewise  be  disturbed  by  shock 
of  discharge  and  assist  the  dip. 

RECAPITULATION. 

I.  Target  practice  with  the  rifle,  and  especially  with  the  carbine,  indi- 
cates greater  drop  of  the  center  of  impact  for  a  ball  having  high  velocity 
than  for  title  same  ball  having  low  velocity ;  the  anom^y  holding  for 
moderate  ranges  with  the  rifle,  and  up  to  300  yards  with  the  carbine. 

II.  There  is  an  actual  downward  motion  of  the  muzzle  of  the  rifle  and 
carbine  at  the  instant  of  discharge.  This  is  accompanied  by  arear  motion, 
and  afterward  followed  by  an  upward  rotary  motion  about  the  point  of 
resistance  at  the  shoulder. 

III.  The  velocity  of  the  rifle  cartridge  ball  in  the  bore  of  the  carbine 
is  at  the  rate  of  904  feet  per  second,  as  against  an  initial  velocity  from 
the  bore  of  1,210  feet ;  the  interval  of  time  (due  to  this  velocity)  in  which 
the  system  remains  corrected  is  the  seventeen  ten-thousandths  of  a  sec- 
ond. 

IV.  The  dip  of  the  muzzle  is  well  developed  at  the  moment  of  passage 
of  the  ball  from  the  bore  in  the  off-hand  firing. 

V.  Before  discharge,  the  forces  acting  on  the  system  are  in  equilibro 
— gravity  and  resistance  thereto ;  at  the  moment  of  discharge  a  new  force 
is  developed,  which  either  destroys  the  relation  of  the  other  forces,  there- 
by producing  the  dip  of  the  muzzle  before  the  ball  passes  from  the  bore, 
or  else  springs  or  buckles  the  barrel. 
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VI.  For  a  condition  of  constraint  at  its  rear  end^  the  barrel,  otherwise 
unRopi>orted,  has  no  vibration  or  spring,  to  the  extent  of  ".0075,  prior 
to  the  i>a8sage  of  the  ball  fipom  the  bore.* 

•Note.— May,  1878.  W.  E.  Metford,  C.  E.,  in  an  article  on  the  "Projoctory  of  the 
Modem  Match  Rifle,"  contained  in  the  Spirit  of  the  Times,  N.  Y.,  April  13,  1878,  gives 
hi*  vie-wa  respecting  the  cause  of  anomaly  believe<l  to  have  been  observed  for  the  first 

time  by  "The  National  Guanl  of  the  State  of  New  York,  a  year  or  so  ago.'' 

•  •  •  *  «  •« 

There  is  a  curious  anomaly  worth  mentioning  in  relation  to  the  zero  of  rifles. 

It  is  this,  that  if  a  thoroughly  accurately  made  pin-hole  plug  be  entered  into  the 
breech  end  of  any  rifle,  the  construction  of  which  permits  the  eye  to  see  through  the 
barrel,  and  also  an  a|)erture  plug  be  entered  at  muzzle,  and  if  the  rifle  is  then  pointed, 
with  it.s  sights  set  to  the  zero,  ascertained  by  shooting  at  the  I'i  yards,  at  any  object 
iiay  at  1(X)  yards  off',  and  if  then  the  lino  of  bore  be  examined,  it  will  be  found  that 
xhem  is  a  very  great  difference  between  the  two  lines ;  instead  of  there  being  only 
about  the  inch,  the  eye  line  is  above  the  bore  line. 

It  happens  in  all  rifles  more  or  less,  and  in  rifles  with  the  long  fore  end,  such  as  mili- 
tary rities  ;  the  removing  the  fore  end  increases  the  amount  considerably. 

A  rifle,  however,  having  an  extremely  short  barrel  does  not  exhilnt  this  anomaly. 
This  peculiarity  will  develop  vertically  if  the  rifle  be  shot  as  usual,  but  horizontally 
if  the  rifle  be  fired  horizontally. 

The  best  way  to  develop  this  fact  is  to  shoot  at  such  a  distance  as  not  to  mix  up  the 
gravity  pull  with  it,  say  at  25  yards,  when  the  fall  is  half  an  inch  only. 

The  anomaly  is  no  doubt  due  to  the  total  mass  of  the  rifle  being  non-coincident  with 
the  axis  of  the  bore,  and  on  the  Jerk  of  recoil  being  given  (it  is  like  a  sharp  blow  to 
the  rifle,  as  it  happens  in  less  than  a  three-hundredth  of  a  second),  the  rifle,  instead  of 
a  true  recoil,  has  unparted  to  it  such  a  motion  as  eventually  causes  the  muzzle  to  jerk 
up,  bat  of  which  the  first  result  is  to  set  up  a  distinct  benil  of  the  barrel  itself,  actually 
forcing  the  muzzle  doitn  helotp  its  original  line. 

It  happens  that  at  Just  about  this  moment  the  bullet  passes  the  muzzle,  and  so  it 
strikes  lower  on  the  target  than  if  there  had  been  no  such  action.  In  fact  it  is  similar 
to  the  action  of  a  fishing-rod,  which,  if  watched  while  a  ^'strike"  is  being  made,  will 
exhibit  some  way  three-quarters  up  a  neutral  point,  above  which  the  rod  will  actually 
move  the  contrary  way  for  a  short  time,  before  the  rest  of  the  rod  drags  this  upper 
|iart  bock. 

It  is  easy  to  comprehend  this  objection,  that  the  barrel,  especially  of  a  match  rifle, 
is  t<io  stiff  to  allow  of  this ;  but  first  it  is  the  fiict  that  such  a  barrel  can  be  easily  sprung, 
even  with  the  two  hands,  a  very  eyeable  amount  out  of  truth  ^of  course  it  goes  back 
again),  and  that  the  Jerk  of  the  kick  is  in  actual  fact  like  the  blow  of  a  hammer. 

From  the  record  of  experiments  at  the  National  Armory  it  will  be  seen  that  this 
anomaly  was  neticed  in  1874,  and  investigated  in  1875  and  1876,  prior  to  the  National 
Guard  observation.    Attention  was  first  drawn  to  it  in  the  following  manner  : 

Owing  to  the  drop  or  fall  in  pracrice  of  the  carbine  cartridge  ball  at  500  yards,  and 
at  greater  ranges,  as  compared  with  that  of  the  rifle  cartridge,  you  sought  to  improve 
the  perfamiance  of  the  former  by  the  substitution  of  a  paper  lining  for  the  wads  used  in 
onler  to  compensate  the  space  in  the  shells  due  to  less  powder  change  (55  instead  of 
70  grains).  At  that  time,  November  7,  1874,  a  carbine  was  carefully  ac^usted  with 
globe  and  peep-sights  and  fired  by  a  skillful  marksman,  in  my  presence,  at  a  target 
910  yards  removed.  The  carbine  service^  carbine  experimental,  and  rifle  cartridges 
were  fired  in  regular  sequence,  and  the  point  sighted  was  the  same  for  all  the  cartridges. 
Tlie  elbow  rest  was  employed  for  uniformity  of  aim  and  a  target  record  of  sixty  shots 
TDade  (20  for  each  kind  of  ammunition).  The  center  of  impact  tor  the  carbine  cartridges 
having  an  initial  velocity  of  1^080  feet  was  5".7  above  aud  ".9  below  the  point  sighted, 
and  for  the  rifle  cartridge  having  an  initial  velocity  of  1,210  feet,  2'^45  below  the  point 
sighted.  This  result  was  so  contrary  to  all  reason,  and  the  reverse  of  all  comparative 
records  at  500  yards  and  greater  ranges,  that  on  December  17, 1874,  the  anomaly  (which 
had  accidentally  been  discovered)  was  verified  by  making  a  target  record  of^  20  shots 
each,  for  the  rifle  and  carbine  cartridge,  and  the  center  of  impact  was  determined  to  be 
4".35  above  for  the  carbine  cartridge  ball  and  6''.8  below  for  tne  rifle  cartridge  .ball,  each 
cartridge  being  fired  alternately y  with  the  same  aim  from  the  carbine,  using  the  globe 
and  peep-sight,  the  range  bein^  300  yards.  The  records,  November  7  and  December 
17,  1874,  ue  exhibited  on  the  diagram  sheet  of  targets,  marked  A  and  B.  In  conduct- 
ing later  experiments,  to  ascertain  initial  velocities  for  various  powder  charges,  it  was 
f<»nnd  that  when  an  elevation  was  established  for  a  light  charge  of  powder  to  strike 
the  small  Telocity  target  (using  glpbe  and  peep-si^ht),  that  this  same  elevation  would 
cause  the  ball  fired  with  a  heavy  charge  to  strike  much  below  the  point  sighted. 
These  are  the  facts  which  led  to  the  investigation  contained  in  this  report,  and  which 
it  is  deemed  proper  to  present,  in  view  of  the  fact  that  at  this  time  the  subject  has 
attracted  attention. 
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YII.  Invariable  results  are  attained  with  the  "fixed  rest"  firing,  other 
things  being  equal,  and  the  eff'ects  of  practical  corrections  made  to  elim- 
inate errors  of  elevation  for  "off-hand  firing"  appear  again  as  errors 
when  the  fixed  rest  is  employed. 

YIIL  Partially  locking  the  arm  in  the  fixed  rest  permits  of  motions 
similar  to  those  noticed  in  off-hand  firing,  quite  as  anomalous,  and  to  be 
accounted  for  in  the  same  manner. 


CONCLUSIONS. 

First.  These  experiments  show  that  no  method  is  so  well  calculated 
to  discover  or  detennine  the  proper  angles  of  elevation  for  small-arms 
as  practical  tests  of  firing,  when  the  conditions  are  no  more  perfect  than 
it  is  possible  for  the  soldier  to  attain  in  service. 

Second.  Interchange  (which  is  contingent)  of  ammunition  for  the  rifle 
and  carbine  will  disconcert  the  marksman  in  his  estimate  of  elevations — 
the  necessary  corrections  for  short  ranges  being  the  exact  opposite  of 
what  it  is  reasonable  to  expect.  Facts  of  this  nature  show  the  absolute 
necessity  for  invariability  of  ammunition,  if  tiie  true  value  of  an  arm  is 
to  be  derived. 

Third.  The  "fixed  rest"  eliminates  errors  that  develop  in  the  natural 
order  of  firing,  and  for  this  reason  should  not  be  employed  to  establish 
the  practical  angles  of  elevation  on  the  sight  scale. 

Fourth.  EecoU  is  generally  regarded  as  the  direct  action  or  effect  of  a 
single  force,  but  may  better  be  defined  to  be  the  resultant  of  several 
forces,  all  more  or  less  dependent  upon  their  points  of  application,  and 
the  relation  of  these  points  to  the  center  of  inertia  of  tiie  system.  It 
does  not  affect  accuracy  of  fire  in  the  sense  of  increasing  the  mean  devia- 
tion from  the  center  of  impact  (this  has  time  and  again  been  shown  at 
the  armory),  since  flat  trajectories  and  consequent  compact  clustering  of 
shots  residt  from  high  velocities  and  proportionate  recoiL  It  is  shown, 
however,  by  the  record  of  this  trial,  to  determine  the  position  of  the  center 
of  impact  in  the  vertical  field  of  fire,  and  within  certein  range  limits  pro- 
duces an  effect  the  reverse  of  what  is  anticipated.  Under  similar  con- 
ditions of  arm  and  ammunition  its  effect  is  constant,  and  being  deter- 
mined by  practical  observation  may  be  compensatea  in  the  regulation 
and  adjustment  of  the  sight  scale.*  For  constant  angles  of  elevation 
under  variable  conditions  of  ammunition,  or  methods  of  supx)orting  the 
arm  when  fired,  its  effects  are  manifest  at  once. 

•Note. — ^May,  1878.  This  is  the  best  practice  made  at  the  armory  with  the  Spring- 
field rifie  as  a  military  arm  without  glo1>e  and  pee]^-sight  or  hair-trigger,  the  errors 
dne  to  recoil  in  the  vertical  field  and  to  drift  and  wind  in  the  horizontal  field  being 
compensated  by  the  adjustable  rear  sight. 

Kind  of  rifle,  Springheid. 

Kind  of  ammunition,  service. 

Distance,  500  yards. 

Size  of  targets,  mode  of  marking  and  aiming,  same  as  at  Creedmoor. 
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APPENDIX  P. 

REPORT  ON  LIFE-SAVING  APPARATUS,  GUNS:  PROJECTILES,  ETC.,  BY  FIRST 
LIEUT.  D.  A.  LYLE,  ORDNANCE  DEPARTMENT  U.  S.  ARMY. 

(Fifty-four  plates.) 

National  Armory,  Springfield,  Mass.,  August  16, 1878. 

Sir:  I  have  the  honor  to  submit  herewith  my  report  upon  life-saving 
apparatus. 
Fifty-four  plates  accompany  the  report. 

Very  respectftiUy,  your  most  obedient  servant, 

D.  A.  LYLE. 
First  Lieut  Ord.  Dept  U.  8.  Army. 
The  Chtbf  op  Ordnance,  U.  S.  A. 

(Through  the  commanding  officer,  National  Armory.) 
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LIST  OF  PLATES. 

EXPLANATION. 

Plate  I. 

Fig.  1.  HorizoDtal  section*  through  axis  of  bore  of  3''  M.  L.  rifled  mortar.    (Coti- 
verted  from  an  old  bronze  field-piece.) 
Fig.  2.  Front  elevation. 
Fig.  3.  Plan  and  section  of  copper  vent-piece. 

Plnte  11. 

Fi^.  1.  Horizontal  section*  through  the  axis  of  the  bore  of  S.  B.  bronze-gun  A.     (Bore 
2V  in  diameter  in  figure;  since  bored  out  to  3"  diameter.) 
Fig.  2.  Transverse  section  through  axis  of  trunnions. 

Plate  III. 

Fig.  1.  Plan  of  sinking-head  of  gun  A,  showing  relative  positions  of  specimens  for 
testing. 

Figs.  2  and  3.  Elevations  of  finished  specimens  before  and  after  cutting  screw  for 
holders. 

Fig.  4.  Plan  of  sinking-head  of  bronze  gun  B,  showing  relative  positions  of  speci- 
mens for  testing. 

Fig.  5.  Plan  of  sinking-head  of  bronze  gun  C,  showing  relative  positions  of  speci- 
mens for  testing. 

Fig.  6.  Sponge  and  rammer. 

F\f  '  s!  WiSer^  ™  '  \  ^*®^  ^^^  extracting  cartridges  from  bore  of  guns,  &c. 

Plate  IF. 

Fig.  1.  Horizontal  section*  through  the  axis  of  the  bore  of  2f*  S.  B.  bronze  gun  B. 
Fig.  2.  Transverse  section  through  the  axis  of  the  trunnions. 
Fig.  3.  Transverse  section  through  the  vent. 

Plate  V. 

Ilg.  1.  Horizontal  section*  through  the  axis  of  the  bore  of  2^"  S.  B.  bronze  gun  C. 
Fig.  2.  Front  elevation. 

Plate  VL 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  1  (3"  rifie.) 
9    Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  scK^tion,  showing  positions  of  line,  cap,  washers,  &c. 

Fig.  4.  Transverse  section  at  rear  row  of  studs,  showing  elevations  of  latter. 

Fig.  5.  Plan  and  elevation  of  cap. 

Fig.  6.  Plan  and  elevation  of  brass  washer. 

Fig.  7.  Plan  and  elevation  of  nibber  plug. 

Plate  VII. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  2  (3^'  rifle). 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section,  showing  line,  can,  washer,  studs,  and  retaining  screw. 

Fig.  4.  Transverse  section  through  rear  row  of  studs,  with  elevations  of  latter. 

Fig.  5.  Plan  and  elevation  of  cap. 

Fig.  6.  Plan  and  elevation  of  brass  washer. 

*  In  these  sectioiiB  the  axes  of  the  suns  are  assuned  to  be  horizontaL 
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Plate  VIIL 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  3  (3''  S.  B.), 
Fig.  2.  Rear  elevation. 
,  Fig.  3.  Longitudinal  section. 
Fig.  4.  Transverse  section. 
Fig.  5.  Transverse  section  through  eye-hole. 
Fig.  6.  Transverse  section  of  shank. 

PUte  IX. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  4  (3''  8.  B.), 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig.  4.  Transverse  section. 

Fig.  5.  Transverse  section  through  eye-hole. 

Fig.  6.  Transverse  section  of  shank. 

PlaU  X, 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  5  (3"  S.  B.). 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig.  4.  Transverse  section. 

Fig.  5.  Transverse  section  through  eye-hole. 

Fig.  6.  Transverse  section  of  shank. 

Plate  XL 

Fig.  1.  Side  elevation  of  experimental  projectile  No,  17  (3"  8.  B.). 
Fig.  2.  Rear  elevation. 
Fig.  3.  Longitudinal  section. 
Fig.  4.  Transverse  section. 
Fig.  5.  Transverse  section  through  eye-hole. 

[This  form  is  recommended  for  3"  guns  when  the  bore  does  not  exceed  20  inches  in 
length.    Shank  would  have  to  increase  in  length  with  the  bore  beyond  20  inches.] 

Piute  XII. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  6  (2"  S.  B.). 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig.  4.  Transverse  section. 

Fig.  5.  Transverse  section  through  eye-hole. 

Fig.  6.  Transverse  section  of  shank. 

Plate  XIII. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  7  (2"  S.  B.). 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig.  4.  Transverse  section. 

Fig.  5.  Transverse  section  through  eye-hole. 

Fig.  6.  Transverse  section  of  shank. 

Plate  XIV. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  8  (2"  S.  B.) 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig.  4.  Transverse  section  in  rear  of  axial  cavity. 

Fig.  5.  Transverse  section  through  eye-hole. 

Fig.  6.  Transverse  section  of  shank. 

Fig.  7.  Plan  and  elevation  of  lead  core  in  axial  cavity. 

Fig.  8.  Plan  and  elevation  of  point  of  projectile. 
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Plate  Xr» 

Fig.  1.  SUle  elevation  of  experimental  projectile  No.  9  (2"  S.  B. — Cordes),  showing 
maimer  of  protecting  the  line  from  abrasion  in  passing  from  the  piece. 
Fig.  2.  Rear  elevation. 
Fig.  3.  Longitudinal  section,  &.c. 
Fig.  4.  Transverse  section. 
Fig.  5.  Plan  and  elevation  of  cap. 
Fig.  6.  Plan  and  elevation  of  brass  washer. 

Plate  Xri. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  13  (2"  8.  B). 

Fig.  2.  Rear  elevation. 

Fig.  3.  Ixmgitudiual  section ;  elevation  of  shank  and  point. 

Fig.  4.  Transverse  section. 

Fig.  5.  Transverse  section  throngh  eye-hole. 

Plate  XVII, 

Rg.  1.  Side  elevation  of  experimental  projectile  No.  14  {2"  S.  B.). 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig.  4.  Transverse  section. 

Fig.  5.  Transverse  section  through  eye-hole. 

Tig.  6.  Transverse  section  of  shank,  &,c. 

Plate  XVIIL 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  15  {2,"  S.  B.). 
Fig.  2.  Rear  elevation. 
Fig.  3.  Longitudinal  section. 
Fig.  4.  Transverse  section. 
Fig.  5.  Transverse  section  through  eye-hole. 
Fig.  6.  Trani^verse  section  of  shank. 

\Th\%  form  is  recommended  for  2"  guns  when  the  length  of  bore  does  not  exceed  20 
or  22  inches.] 

Plate  XIX. 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  10  (2''.5  S.  B. ). 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig.  4.  Transverse  section. 

Fig.  5.  Transverse  section  through  eye-hole. 

Fig.  6.  Transverse  section  of  shank. 

Plate  XX, 

Rg.  1.  Side  elevation  of  experimental  projectile  No.  11  (2".5  S.  B.). 

Fig.  2.  Fiear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig.  4.  Transverse  section. 

Fig.  .S.  Transverse  section  through  ej'e-hole. 

Fig.  6.  Transverse  section  of  shank. 

Plate  XXL 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  12  (2".5  8.  B.). 

Fig.  2.  Rear  elevation. 

Fig.  3.  Longitudinal  section. 

Fig-  4.  Transverse  section. 

Fig.  5.  Transverse  section  through  eye-hole. 

Fig.  6.  Transverse  section  of  shank. 
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Plate  XXIL 

Fig.  1.  Side  elevation  of  experimental  projectile  No.  16  (2".5  S.  B.). 
Fig.  2.  Roar  elevation. 
Fig.  3.  Longitudinal  section. 
Fig.  4.  Transverse  section. 
Fig.  5.  Transverse  section  through  eye-hole. 
Fig.  6.  Transverse  section  of  shank. 

[This  form  is  recommended  for  use  with  2'\5  guns  when  the  length  of  bora  does  not 
exceed  20  to  21  inches.] 

Plate  XXIIL 
Carriage  No.  1  for  3^'  M.  L.  R.  mortar. 

Fig.  1.  Side  elevation. 

Fig.  2.  Plan. 

Fig.  3.  Rear  elevation. 

Fig.  4.  Side  and  rear  elevations  of  quoin. 

Plate  XXIV. 

Carriage  No.  2  for  3''  M.  L.  R.  mortar. 

Fig.  1.  Side  elevation. 

Fig.  2.  Plan. 

Fig.  3.  Rear  elevation. 

Fig.  4.  Side  and  rear  elevations  of  qnoin. 

Plate  XXV, 

Carriage  for  S.  B.  bronze  gun  A. 

Fig.  1.  Side  elevation. 

Fig.  2.  Plan. 

Fig.  3.  Front  elevation. 

Fig.  4.  Rear  and  side  elevations  of  quoin. 

Plate  XXVL 

Carriage  for  8.  B.  bronze  gun  B. 

Fig.  1.  Side  elevation. 

Fig.  2.  Plan. 

Fig.  3.  Front  elevation. 

Fig.  4.  Rear  and  side  elevations  of  quoin. 

N.  B. — ^This  carriage  is  recommended  for  2"  S.  B.  bronze  guns. 

Plate  XXVIL 

Carriage  for  S.  B.  bronze  gun  C. 

Fig.  1.  Side  elevation. 

Fig.  2.  Plan. 

Fig.  3.  Front  elevation. 

Fig.  4.  Rear  and  side  elevations  of  quoin. 

[N.  B. — ^This  carriage  is  recommended  for  2".5  and  3"  S.  B.  bronze  life<«aving  guns.] 

Plate  XXVIIL 

Fig.  1.  One-half  cartridge-bag  for  3"  gun. 

Fig.  2.  One-half  cartridge-bag  for  2"  and  2".5  guns. 

Fig.  3.  Priming  wire ;  one  shorter  by  2"  recommended. 

Fig.  4.  ^^Combination  level/'  showing  manner  of  using,  &.c. 
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Plate  XXIX. 

Fig.  1.  Plan  of  3"  wooden  sabot,  ^"  thiok. 
Fig.  2.  Elevation. 

Fig.  3.  Plan  of  3"  wooden  sabot,  \"  thick. 
Fig.  4.  Elevation. 
Fig.  5.  Plan  of  a  Cordes'  3"  sabot. 
Fig.  6.  Elevation. 
Fig.  7.  Plan  of  2"  wooden  sabot. 
Fig.  8.  Elevation. 
Fig.  9.  Plan  of  a  Cordes'  2"  sabot. 
Fig.  10.  Elevation. 

figs.  11,  12.  Plan  and  elevation  of  3'^  wooden  sabot  after  firing,  showing  effect  of 
charge,  &.c. 
Pig.  13.  Section  sho^i'ing  effect  of  gas  entering  axial  cavity  and  blowing  off  cap,  &c. 
Fig.  14.  Fragment  of  ^'  shot  recovered,  showing  effect  of  gas  penetrating  axial  cavity. 

Plate  XXX, 

Gnnncr's  haversack. 

This  will  be  modified  hereafter,  except  in  its  general  dimensions.    (See  description.) 

Plate  XXXL 

Large  faking-box,  A.    (Regulation  size.) 

Fig.  1.  Plan. 

Fig.  2.  Side,  partial  section  and  elevation. 

Fig.  3.  End,  partial  section  and  elevation. 

Fig.  4.  Bide  elevation  of  frame. 

Fig.  5.  Plan  of  frame. 

Fig.  6.  Plan,  and  partial  section  and  end  elevation  of  ^'  false''  bottom. 

Fig.  7.  Faking-pin. 

Plate  XXXIL 

Small  faking-box,  B.    (Regulation  size. ) 

Fig.  1.  Plan. 

Fig.  2.  Side,  partial  section  and  elevation. 

Fig.  3.  End  elevation. 

Fig.  4.  End  elevation  of  frame  and  pins. 

Fig.  5.  Side  elevation  of  frame  and  pins. 

Fig.  6.  Plan  of  frame. 

Fig.  7.  "  False  "  bottom. 

Fig.  8.  Faking-pin. 

Plate  XXXIII. 

Experimental  faking-box,  C.    (Large,  square.) 

Fig.  1.  Plan. 

Fig.  2.  Side,  partial  section  and  elevation. 

Fig.  3.  End,  partial  section  and  elevation. 

Fig.  4.  Elevation  of  frame  and  pins. 

Fig.  5.  Plan  of  frame. 

Fig.  6.  "  False"  bottom. 

Fig.  7.  Faking-pin. 

Plate  XXXIV. 

Experimental  faking-box,  D.    (Small,  square.) 


Fig.  1.  Plan. 

Fig.  2.  Side,  partial  section  and  elevation. 

Fig.  3.  End  elevation. 

Fig.  4.  End  elevation  of  frame  and  pins. 

Fig.  5.  Side  elevation  of  frame  and  pins. 

Fig.  6.  Plan  of  frame. 

Fig.  7.  "False"  bottom. 

Fig.  8.  Faking-pin. 
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Plate  XXXV, 

Reel  and  frame. 

Fig.  1.  Side  elevation. 

Fig.  2.  Plan  of  frame. 

Fig.  3.  End  elevation,  showing  crank,  &c, 

Plate  XXXri. 

Carrying  braces. 
Fig.  1.  Waist  belt. 
Figs.  2,  3.  Braces. 

Figs.  4f  5.  Billets,  with  snap  hooks  for  frame. 
Fig.  6.  Perspective  view  of  braces. 

Plate  XXXriL 

Fig.  1.  Fiiriug-ijround  at  Springfield,  Mass. 
A.  Firing-point. 
A.  B.  Ranges. 

C.  Flag  at  300-yard  stake  from  which  "  drift  "  of  line  measured. 

D.  Anemometer  for  obtaining  surface  velocities. 
Fig.  2.  Gun-platform,  &c. 

A.  Plan. 

B.  Section. 

C.  Positions  of  faking-boxes. 

D.  Shelter. 

Plate  XXXrilL 

Manby's  shot. 

Fig.  1.  Elevation  showing  plaited  hide  thong. 
Fig.  2.  Section  showing  fuses  for  illuminating. 

Plate  XXXIX. 

Manby's  apparatus. 

The  figures  explain  themselves. 

Plate  XL. 

Boxer's  apyiaratus. 

Fig.  1.  Method  of  stowing  line  in  faking-box,  first  tier. 

Fig.  2.  Method  of  stowing  line  in  faking-box,  second  tier. 

Fig.  3.  Side  elevation  of  rocket-frame. 

Fig.  4.  Front  elevation  of  rocket-frame. 

Fig.  5.  Plan  of  box  and  partial  section. 

Fig.  6.  Side  of  box,  partial  section  and  elevai>n. 

Fig.  7.  End  elevation. 

Plate  XLL 

Boxer's  rocket,  &c. 

Figures  explained  in  plate. 

Plate  XLIL 

Colt's  armory  testing-machine. 

Fig.  1.  Rear  elevation. 
Fig.  2.  End  elevation. 
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Plate  XLIIL 

Colt's  armory  testing-machine. 

Fig.  3.  Front  elevation  of  weigh-beam  apparatus. 

Fig.  4.  Elevation,  partly  in  section,  of  certain  parts  of  the  strain-indicating  appa- 
ratus. 

Plate  XLir, 

Fixtures  for  testing-machine. 

Fig.  5.  Plan  of  one  clasp  for  holding  specimen,  open. 

Fig.  6.  Elevation  of  same,  open. 

Fig.  7.  Plan  of  clasp,  closed. 

Fig.  8.  Elevation  of  clasp,  closed. 

Fig.  9.  Scale  for  measuring  elongations  after  elastic  limit  is  passed. 

Fig.  10.  Holder. 

Figs.  11,  12.  Scale  used  to  measure  extensions  within  elastic  limit. 

Fig.  13.  Specimen  of  bronze. 

Plate  XLV, 
Curves  showing  extensions  of  bronze  specimens. 

Fig.  14.  Curve  for  gun  A. 
Fig.  15.  Curve  for  gun  B. 
Fig.  16.  Curve  for  gun  C. 

Plate  XLVL 

Fig.  17.  Illustration  of  original  form  of  specimen,  and  showing  appearance  after 
tectmg. 

Plate  XLVIL 

Fig.  1.  Section  of  chill  and  plan. 

Fig.  2.  Section  of  furnace  and  plan. 

Fig.  3.  Crucible. 

Fig.  4.  Pouring-ladle. 

Fig.  5.  Shot  with  loop  and  raw-hide  strap. 

Fig.  6.  Barbecl  shot. 

Fig.  7.  Mortar. 

Plate  XLVni. 

Fig.  1.  Method  of  laying  the  rope  (French  faking). 

Fig.  2.  Whale  lair. 

Fig.  3.  Chain-fakin|;. 

Fig.  4.  Rope  ready  m  basket. 

Rg.  5.  Pai>er  tube  for  priming. 

Fig.  6.  Ball  with  lid  for  fuse. 

Fig.  7.  Stand. 

Fig.  8.  Cast-iron  anchor. 

Fig.  9.  Rope  with  stiff  loops. 


Plate  XLIX, 


Fig.  1.  Mode  of  faking  the  rope. 
Fig.  2.  Whale-faking. 
Fig.  3.  Chain-faking. 

I^aiTott's  projectile. 


Hunt's  line-throwing  apparatus. 


Plate  X. 


Plate  LI, 
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Plate  LIL 

Chandler  anchor-shot. 

1.  Before  firing. 

2.  After  firing. 

Plate  LIIL 

Boxer  rocket. 

Light  for  illnmiuating  wrecks. 

Plate  LIV, 

,  Method  of  nsing  the  life-saving  apparatus. 

Note. — ^The  greater  part  of  these  drawings  were  made  by  Mr.  Emery,  National 
Armory. 
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ItHTRODUCTIOK. 

In  tlie  early  part  of  the  year  1875  the  honorable  Secretary  of  tlie 
Treasury  applied  to  the  Secretary  of  War  for  assistance  in  the  prosecu- 
tion of  exi)eriments  for  the  purpose  of  improving  the  life-sa>'ing:  api)ai'a- 
tus  used  by  the  Treasury  Department,  which,  at  that  time,  were  luider 
the  special  charge  of  Capt.  J.  H.  Merryman,  United  States  Keveniie 
Marine,  and  requested  tliat  an  officer  or  officers  of  the  Ordnance  Depart- 
ment be  designated  to  assist  Captain  Merryman  "in  these  impoitant 
matters." 

On  the  recommendation  of  the  Chief  of  Ordnance,  the  Secretary  of 
War  diiected  that  the  "Board  on  Experimental  Guns"  convened  l>y 
Special  Order  No.  221,  Adjutant-GeneraPs  Office,  October  10,  1874,  of 
which  Major  Crispin,  Ordnance  Department^  was  i)resident,  be  charged 
w^ith  the  prosecution  of  these  experiments,  m  connection  with  Capt.  J. 
H,  Merryman,  United  States  Revenue  Marine.  This  action  wa«  takc*ii 
April  12-lG,  1875,  and  Sandy  Hook,  X.  J.,  was  selected  as  the  most 
favorable  locality  for  these  ex]>eriments. 

The  important  and  multifarious  duties  with  which  the  Ordnance 
Board  —  formerly  "Board  of  Experimental  Guns" — was  specially 
charged  were  so  great  as  not  to  acbnit  of  any  one  of  its  meud)ers  devot- 
ing the  time  necessary  for  a  thorough  investigation  and  discussion  of 
the  subject.  In  ^'iew  of  this  fiwt  Captain  Merrjnnan  recommended,  on 
May  21,  1877,  "that  an  application  be  made  to  the  Chief  of  Orduan<-e 
for  the  detail  of  an  officer  for  this  spe^^ial  service."  Colonel  Crisi)iii, 
president  of  the  "Ordnance  Board,"  concurred  in  this  recommendation 
in  his  indorsement  of  June  1,  1877,  upon  Captain  Merryman's  letter, 
and  further  recommended  that  said  officer  should  place  himself  in  commu- 
nication with  Captain  Merryman  and  the  Ordnance  Board,  "for  sucli 
suggestions  and  instructions  as  may  be  deemed  proper  to  give  hini.^ 
These  recommendations  were  api)roved  by  the  Chief  of  Ordnance  June 
6,  1877,  and  Lieut.  D,  A.  Lyle,  Ordnance  Department  was  "specially 
assigned  to  this  duty,  in  addition  to  his  regidar  duties''  at  the  National 
Armory',  Springfield,  Mass.  This  officer  entered  upon  t'le  duty  at  once, 
and  the  results  of  his  labors  are  embodied  in  this  report. 

Ko  claims  of  great  originality.are  made,  as  this  apparatus,  like  the 
Parrott  patent,  is  a  direct  evolution  from  the  system  of  Captain  Manby, 
which  dates  back  to  the  beginning  of  the  present  century.  The  advances 
w^hich  have  been  made  during  the  past  year  are  the  result  of  careful 
«tudy  and  conscientious  ex[)eriment.  The  data  recorded  are  of  value 
for  future  reference.  The  writer  appreciates  the  fact  that  many  im])rove- 
ments  are  yet  to  be  made  in  life-saving  apparatus  and  enteriains  the 
hope  that  his  humble  eftbrts  may  serve  as  a  basis  upon  which  to  found 
future  experiments. 
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PART  I. 

EEPORT. 

CHAPTER  I. 

I.  EIFLE  PROJECTILES. 

The  first  exi)eriments  were  made  with  rifle  projectiles  fired  from  a  3-inch 
nuizzle-loading  rifled  mortar.  This  method  did  not  prove  satisfactory 
for  the  following  rea^sons : 

I.  On  a<!«ount  of  the  lack  of  simi^licity  in  loading.  The  detailed  oper- 
ations of  loading  ai'e  given  below. 

1.  Inserting  cartridge  and  ramming  home. 

2.  Insertng  junk-wad  or  sabot. 

3.  Unscrewing  cap  on  front  end  of  projectile. 

4.  Removing  cap. 

5.  Inserting  line  in  axial  cavity  and  drawing  it  through  shot. 

6.  Putting  on  nibber  waslier  or  washers. 

7.  Putting  on  metal  washer. 

8.  Tjing  knot  in  end  of  line. 

9.  Inseiiing  washers  and  knot  in  the  cavity  in  the  front  end  of  shot 
and  drawing  the  line  taut. 

10.  Returning  the  cap  to  its  position. 

11.  Putting  in  the  retaining  screw  to  hold  the  cap. 

12.  Adjusting  line  in  ratlial  slot  in  base  and  in  longitudinal  groove. 

13.  Twisting  the  fine  wire  which  passes  around  the  head  of  the  cap 
about  the  line  to  hold  it  in  the  prolongation  of  the  axis  of  the  bore  and 
prevent  its  being  cut  off  by  abrasion  in  passing  out  of  the  piece. 

14.  Inserting  projectile  in  the  bore  and  ramming  it  home. 

II.  Tlie  liability  of  the  heated  gas  from  the  charge  to  enter  the  axial 
cavity  and  either  bum  off  the  line  or  blow  off  the  cap.  The  loss  of  the 
cap  permits  the  knot  and  washers  to  escape,  and  when  the  strain  comes 
upon  the  line  it  is  very  likely  to  be  cut  by  the  edges  of  the  axial  cavity 
in  front,  as  is  exemplified  in  Fig.  13,  Plate  XXIX. 

III.  The  failure  of  wire  ropes  (either  copper  or  iron)  to  sustain  the 
shock  of  discharge.  These  ropes  or  cords  were  interposed  between  the 
shot  and  line  for  the  puri>ose  of  avoiding  the  action  of  the  flame  upon 
the  line.    These  rigid  materials  generally  broke  before  the  line. 

IV.  The  necessity  for  the  emi)loyment  of  wads  and  sabots. 

V.  Tlie  diminution  of  range  due  to  resistance  of  the  air  to  the  passage 
of  the  line.  This  increased  resistance  of  the  air  was  developed  by  the 
ftpiro-conical  fonn  assumed  by  the  line  in  the  trajectory,  due  to  the 
rotation  of  the  rifle  projectile. 

VI.  The  twisting  of  the  line  due  to  the  rotation  of  the  projectile. 

It  was  judged,  from  the  indications  left  upon  the  wooden  sabots  which 
were  recovered  (see  Figs.  11,  12,  Plate  XXIX)  after  firing,  that  if  a  soft- 
metal  sabot  had  been  used  the  force  of  discharge  would  have  wedged  it 
in  the  radial  slot  of  the  base  and  have  caused  it  to  cut  the  line  as  it 
was  suddenly  swung  to  the  rear  by  the  strain,  unless  a  very  thick  sabot 
were  used.    Paper  wads  were  found  to  be  better  than  wooden  sabots. 
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Vn,  The  greater  expense  and  difficulty  attending  the  manufacture  of 
both  guns  and  projectiles. 

After  losing  the  caps  belonging  to  the  rifled  projectiles,  they  were 
fired  a  few  times  by  inserting  them  point  first  into  the  rifled  mortar.  Tlie 
shot  reversed  after  leaving  the  gun,  and  retained  their  axial  rotatiou, 
though  their  flight  was  unsteady. 

Solid,  smooth-bore  projectiles  were  next  tried  in  the  rifled  mortar  an<l 
gave  better  results.  The  escape  of  gas  through  the  grooves  was  very 
great,  in  some  instances  biu'ning  off  the  line.  One  shank  was  broken  off 
in  firing,  which  was  due,  not  to  the  form  of  the  shank,  but  to  the  mate- 
rial, it  having  been  made  of  high  steel  instead  of  T^TOught  iron.  Xo 
l)articular  difticulty  seemed  to  be  experienced  in  firing  smooth-boi'e  pro- 
jectiles from  rifled  guns,  provided  the  shanks  were  long  enough  to  protect 
the  line  from  the  gases  which  escape  through  the  grooves. 

Enough  was  learned  from  these  experiments  to  wan-ant  the  conclu- 
sion that  smooth-bore  guns  and  projectiles  were  better  adapted  for  this 
purpose  than  the  rifled  ones  as  here  applied ;  and  that  si)iral  spriiifjs, 
wire  cords,  and  rubber  washers  were  either  useless  or  annojing,  and 
always  more  or  less  impracticable. 

n.  SMOOTH-BORE  GUXS  AND  PROJECTILES. 

After  the  difficulties  first  experienced  it  was  determined  to  cut  loose 
from  rifled  mortars,  rifle  projectiles,  wire  rojMJs,  spii^al  springs,  rubber 
straps,  rubber  washers  and  plugs,  brass  wa^shers,  caps  and  retaining 
screws,  and  seek  lor  a  solution  of  the  problem  in  some  system  which 
would  combuie  great  simpUcity  with  efficiency,  and  which  would  lessen 
the  cost  of  manufac^ture  and  funiisli  a  method  whose  details  would  not 
be  so  complicated  as  to  be  beyond  the  comprehension  of  those  requiixnl 
to  put  it  m  practice. 

1.  SMOOTH-BORE  GUNS. 

The  second  attemi)t  was  made  with  smooth-bore  gims.  Bronze  was  se- 
lected as  the  material  from  which  to  make  the  experimenta.1  guns,  for  the 
following  reasons :  On  account  of  its  great  ultimate  tenticity,  its  ductility, 
its  combination  of  gieat  strength  with  light  weight,  its  freedom  from 
destructive  corrosion  when  exi)Osed  to  the  moisture  ot  sea-coast  stations, 
its  non-liability  to  sudden  rui)tiire,  its  availability  for  recasting,  and  its 
value  as  old  bronze  after  condemnation.  Guns  made  from  this  material 
are  easily  kept  in  order,  as  the  bores  do  not  rust,  a  fact  of  considerable 
imi)ortance  with  small  calibers,  on  account  of  the  difficulty  of  cleaning 
the  bore.  They  ai*e  not  hable  to  burst  exi)losively,  by  reason  of  their 
ductility,  and  when  worn  out  they  may  be  sold  for  a  fair  price  as  old 
bronze.  The  only  external  injury  to  which  they  are  liable  is  the  bend- 
ing of  the  trunnions. 

The  internal  injuries  resulting  from  the  powder,  such  as  enlargement 
at  the  seat  of  the  charge,  and  cavities  produced  by  the  melting  away 
of  the  metal  by  the  heat  developed  by  the  explosion  of  the  charge,  are 
not  serious.  The  erosive  action  of  the  gases  is  not  great,  because  of  the 
ahnost  entire  absence  of  windage.  The  wear  of  the  vent  is  obviated  by 
the  use  of  copi>er  vent  pieces.  Lodgments  and  enlargements  are  not 
produced  in  these  guns,  since  projectiles  nearly  the  length  of  the  bore 
are  used  and  therefore  there  is  no  balloting.  The  bore  may  be  scratclunl 
by  i)rojectiles  and  sand,  but  that  is  not  a  serious  injury.  Tlie  softness 
of  the  metal,  and  it«  proneness  to  deterioration  under  rapid  firing  which 
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caofies  heating,  though  grave  objections  to  the  use  of  bronze  for  field- 
pieces,  do  not  affect  its  use  for  this  service,  where  rapid  firing  is  never 
resorted  to,  consequently  there  is  little  danger  of  heating  or  of  melting 
the  metal  of  the  bore.  Small  charges  of  powder  are  generally  used, 
theretbre  little  is  to  be  apprehended  fix>m  excessive  erosion. 

2.  PROJECTILES. 

Pull  descriptions  of  these  are  given  in  a  subsequent  part  of  this  re- 
I)ort  These  i>rojectiles  are  modifications  of  Captain  Manby's  shot. 
The  caliber  and  weight  have  been  reduced.  The  lengthening  of  the 
bore,  the  suppression  of  a  greater  part  of  ttie  windage,  and  the  employ- 
ment of  improved  lines,  have  increased  the  effective  force  of  the  powder, 
diminished  the  resistance  which  the  projectile  and  line  exi)erience 
firom  the  air,  and  have  extended  the  range.  It  wiU  be  seen  that  the 
weights  were  increased  as  the  experiments  i)roceeded ;  this  resulted  in 
decreasing  the  initial  velocity  and  the  consequent  violence  of  the  vibra- 
tions of  the  line  when  the  charge  of  i)owder  remained  constant.  These 
projectiles  are  carefully  turned  and  finished  to  fit  the  bore  of  the  gun 
accm^tely.  The  careful  method  of  finishing  renders  them  more  expen- 
sive, but  even  then  they  are  cheap.  Few  of  them  are  required,  and  the 
resiilting  efficiency  counterbalances  the  extra  cost.  As  in  the  Parrott 
gun,  the  bore  of  the  gun  must  be  kej^t  clean  and  the  projectiles  free 
from  rust. 

The  gun  being  of  brouze,  no  difficulty  is  encountered  in  keeping  the 
bore  clean.  The  few  i>rojectiles  at  each  station  are  easily  kept  free  from 
rust  by  the  men.  Experimental  projectiles  Nos.  15, 16,  and  17  are  the 
outs  recommended  for  use  with  2",  2".5,  and  3"  guns  respectively.  The 
2"  projectile  wiU  be  the  most  expensive,  as  it  has  to  be  bored  out  and 
filled  with  lead  to  increase  its  weight.  But  even  its  cost  is  trifling  as 
compared  with  rockets  and  some  patented  projectiles.  Lead  projectiles 
similar  to  experimental  projectile  No.  13  are  found  to  upset  more  or 
less,  to  lead  the  bore,  and  to  strain  the  gun  greatly.  Wrought-iron  pro- 
ectiles  scratch  the  surface  of  the  bore  badly. 

3.  SHANKS. 

The«e  were  found  to  be  of  great  importance.  By  prolonging  them 
near  to  or  beyond  the  muzzle  of  the  gun  when  it  is  loaded,  they  keep 
the  line  from  being  cut  off  by  the  passage  of  the  projectile,  and  do  away 
with  the  necessity  for  a  line-supporter.  Several  kinds  of  shanks  were 
used.  It  was  found  that  with  very  short  shanks,  the  line  would  be 
biimed  off  where  tied  in  the  eye.  It  was  suspected  that  this  arose 
paiUy  from  the  shortness  of  the  shank  and  partly  from  the  shape  of  the 
base.  The  gases  which  pass  over  and  around  the  shot  at  the  first  in- 
stant of  expansion  would  follow  the  incline  of  the  fnistum  and  converge 
at  and  near  the  apex  of  the  cone  produced.  The  apex  was  near  the  eye- 
hole of  the  short  shanks.  Then  a  longer  shank  was  tried,  and  that  por- 
tion of  its  length  between  the  base  of  the  shot  and  eye-hole  pohshed 
brightly,  in  order  to  ascertain,  if  possible,  whether  the  gas  converged  at 
any  jwint  upon  the  shank ;  and,  if  so,  where.  The  result  confirmed  the 
hypothesis,  and  a  very  dark  stain  showed  the  maximum  convergence  of 
the  gas  to  be  about  the  apex  of  the  cone,  whose  frustum  formed  the  base, 
or,  i>erhaps,  a  little  in  front  of  it.  Long  shanks  were  afterwards  used, 
and  with  great  success.  The  earher  shanks  were  made  of  whatever 
scrap  could  be  obtained  for  the  sake  of  economy.    At  first  the  thread  ex* 
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tended  an  inch  and  a  half  into  the  shot,  but  the  junction  of  the  tliread 
and  body  was  found  to  be  a  point  of  weakness,  which  should  have  been 
anticipated,  especially  as  it  came  directly  at  the  base  of  the  shot,  where 
the  greatest  strain  was  thrown  on  the  shank  when  the  projectile  reversed* 
They  were  found  to  bend  and  crack  at  this  point.  The  next  step  was  to 
shorten  the  length  of  the  screw-thread  and  let  the  body  of  the  shauk 
extend  a  short  distance  into  the  shot.  This  was  an  improvement,  but 
continued  practice  upon  hard  earth  showed  that  the  shank  coidd  be 
bent  and  was  still  weak.  A  shauk  forged  fix)m  wrought  iron,  with  the 
dimensions  increased^  was  then  made  and  adopted.  It  may  be  seen  in 
experimental  projectiles  l^-os.  15, 16,  and  17.  A  few  very  long  shanks 
were  tried  and  behaved  very  well.  The  shanks  should  always  be  of  the 
best  wrought  iron,  and  should  be  carefully  forged  and  fini8he<l.  A  st-eel 
shank^  that  was  made  by  mistake,  broke  oS*  in  firing,  showing  that 
material  to  be  too  brittle  for  this  purpose. 

III.  GUl^-CAREIAGES. 

The  gun-carriages  are  made  with  wooden  cheeks,  bound  vrith  iron. 
They  combine  elasticity  with  strength,  and  act  well  upon  sandy  beaches. 
The  wrought-iron  handles  increase  the  ease  with  which  they  may  be 
carried.  If  necessary  the  gun  may  be  dismounted,  and  carried  by  cue 
man  upon  his  shoulder,  while  another  takes  the  carriage.  Two  projec- 
tiles may  be  placed  upon  the  rear  transom  and  the  whole  carried  easily 
by  four  men.  The  small  gun  and  carriage  are  intended  to  be  carried  by 
two  men ;  here,  as  before,  the  projectiles  may  be  placed  upon  the  rear 
transom.  The  load  may  be  balanced  by  shding  the  hands  along  the 
handles.  The  addition  of  iron  cheek-straps  increases  greatly  the  dura- 
bility of  the  carriage.  The  carriages  for  guns  C  and  B  are  the  ones  rec- 
ommended for  adoption.  The  vent  pieces  of  the  guns  project  high 
enough  to  avoid  difaculty  in  the  use  of  friction  primers  at  ordinary 
angles  of  elevation.  Gun  B  and  carriage  are  too  light  to  be  used  with 
ordinary  friction  primers  without  some  danger  of  disturbihg  the  point- 
ing of  the  piece,  as  the  primers  pull  off  too  hard. 

TV.  SPONGE  AND  EAMMEK. 

A  single  staff,  with  a  rammer  head  on  one  end  and  a  sponge  on  tlie 
other,  constitutes  this  implement. 

V.  WIPIXG-EODS. 

These  were  made  from  old  condemned  musket  ramrods  of  obsolete 
pattern.  One  end  is  curved  to  form  an  eye,  and  a  corkscrew  wiper  is 
screwed  on  the  other  end.  This  is  useful  for  withdrawing  cartridges 
when  necessary,  and,  with  flannel  or  cotton  waste  wrapped  around  the 
wiper,  is  valuable  for  cleaning  the  bore  of  the  gun.  It  also  may  be  used 
as  a  rammer  for  pressing  home  the  cartridge,  by  reversing  it  and  insert- 
ing the  eye  end  in  the  bore. 

YI.  PREVIIKG-WIEES. 

Two  of  these  are  issued  with  each  gun,  as  one  may  be  lost.  They  are 
made  of  steel  or  brass  wire,  preferably  of  the  former. 
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Vn.  GUNNEK'S  HAVERSACK. 

One  of  these  should  be  issued  with  each  piece,  to  be  carried  by  the 
keeper  of  the  station.  The  cartridges,  friction  primers,  i>riming-wires, 
lanyanl,  combination  level,  and  a  piece  of  flannel  for  use  A\ith  the  wiper 
are  carried  in  this  pouch. 

Yin.  POWDER. 


yo  particular  kind  of  powder  has  ever  been  adopted  for  use  at  the 
life-saving  stations.  "Pebble^  powder  was  deemed  too  large  grained, 
and  "rifle^  x>^wder  too  fine  grained  for  this  service.  Four  diiferent 
specimens  of  iK)wder  were  procured  from  the  Hazard  Powder  Company. 

The  tests  for  initial  velocity,  which  will  be  given  upon  subsequent 
X>age8,  show  that  i^avy  cannon  powder  gives  a  good  initial  velocity  for 
a  not  excessive  strain  or  pressure.  That  test,  however,  was  not  a  fair 
one  for  this  jwwder,  which,  on  account  of  its  large  grain,  was  more  or  less 
broken  and  compressed  in  loading  the  metalUc  shells.  It  is  probable 
that  both  the  velocity  and  pressure  are  too  great  as  given.  The  uniform 
action  of  this  powder  during  the  experiments  was  such  as  to  commend 
it  to  very  favorable  notice.  Musket,  rifle,  and  duck-shooting  j)owders 
are  all  more  or  less  quick  and  violent  in  their  action.  The  musket 
(Hazard)  is  very  uniform,  but  quite  too  rapid  in  its  inflammation.  A 
direct  comparison  of  these  powders  was  made,  with  the  results  given 
below, 

Camparieans  of  different  kinds  of  powder, 

flhkcT:  Hazard  Powder  Company.  Gan:  9".5  bronze  gun  C.  Charge  of  powder:  3  onnoee  In 
ererv  eaae;  carefuUy  weigheu.  Projectile:  Experimental  No.  16,  marked  **L.  13."  Weight  of  pro- 
j«e$iie:  18.75  poandfl.  Shot-line:  Linen  Ko.  7  (Sliver  Lake) ;  same  line  as  need  in  first  series  of  ex- 
pcrisieots.  Faking  box:  Box  ▲.  Place:  Sandy  Hook,  N.  J.  Date:  Mar  6,  7,  and  8,  187&  The 
£•  prrtjectlle,  line,  and  faking-box  were  ased  throughout  the  comparison.] 


Kinds  of  powder. 


Navy  can- 
non. 


1  Saages  in  yards 

2  do 

3 do 

4  ' do 

5  do 


Total 

Aritkmetloal  mean 

Greatest  variation  ttom  mean. 

Least  Tariation  from  mean 

Meaavari^on 


Tardt, 
381} 
380 
3661 
881f 
8801 


1,3901 


378.13 


11.47 


1.87 


4.58 


Mortar. 


Yards. 
384 
267f 

86.-^ 

869 

361 


1,345 


369 


15 


6 


United  States  Sea-«hooting 
mnsket.  duck. 


Tardg. 

392t 

384 

389 

8801 

863 


1,409 


881.8 


18.8 


1.47 


&1 


Yards. 
3084 
89n{ 
300 
378 
886i 

1.460 


893 


80 


1.33 


10.8 


From  the  above  table  it  will  be  seen  that  the  Kavy  cannon-powder 
acted  very  uniformly,  four  of  the  five  shots  being  almost  identical.  The 
'"^aea-shooting  duck"  is  represented  as  giving  the  best  me^n  range;  this 
is  explained  by  the  difference  in  the  velocities  of  the  wind.  The  wind 
WW  hght  when  the  "duck"  powder  was  used. 

The  Navy  cannon  is  much  coarser  grained  than  the  musket  or  rifle 
I>owder,  but  is  not  so  coarse  but  that  most,  if  not  all,  of  it  is  consumed 
before  the  projectile  leaves  the  piece.    Army  cannon  is  too  coarse 
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grained ;  a  portion  of  the  charge  is  lost  by  being  blown  from  the  gun 
before  completely  consumed.  Selecting  from  the  samples  tested,  the 
preference  should  be  given  to  the  Hazard  Navy  cannon.  The  effect  of 
a  powder  depends  more  upon  the  manner  of  loading  than  has  been 
supposed  by  those  who  are  not  accustomed  to  dealing  with  it.  A 
charge  of  Navy  cannon  can,  by  two  or  three  forcible  jams  of  the  pro- 
jectile when  inserted  in  the  bore,  be  so  compressed  and  the  grains  so 
broken  as  to  exhibit  all  the  violence  of  a  fine-grained  powder.  Powder 
stored  along  the  coast  is  exposed  more  or  less  to  the  moisture  of  the 
sea-air  and  deteriorates  very  ra[)idly.  Since  only  small  quantities  are 
kept  at  the  life-saving  stations,  the  powder  should  be  renewed  an- 
nually and  the  stock  on  hand  used  for  drilling  and  exercising  with  tlie 
apparatus. 

IX.  shot-les:es. 

On  a  comparison  of  the  tables  of  the  breaking  weights  of  the  different 
shot -lines  it  will  be  seen  that,  in  every  instance  except  two,  the  linen 
lines  are  stronger  than  the  hemp.  It  will  also  be  noted  that  the  linen 
lines  have  more  stretch  per  linear  foot  than  the  hemi)  lines.  The  tables, 
&c.,  may  be  found  upon  subseciuent  pages.  The  braided  linen  lines 
have  proved  superior  in  usefulness  to  the  hemp.  The  preference  should 
be  given  to  unbleached  linen  thread  for  the  mamifacture  of  shot-lines. 
Great  care  should  be  taken  that  none  but  the  best  thread  be  put  in 
such  lines,  and  that  in  braiding  a  continuous  line,  when  the  spools  are 
changed,  they  should  not  all  be  changed  at  the  same  moment,  else 
a  weak  spot  is  the  result.  Bleaching  of  any  kind  is  harmful.  Hemp 
is  too  brittle  and  becomes  very  harsh  after  a  few  shots.  The  water- 
proof lines  pass  through  the  air  with  less  friction  than  those  ha\ing 
the  ordinary  finish,  and  generally  attain  a  better  range.  The  vibra- 
tions of  the  line  due  to  faking  is  the  greatest  danger  to  which  it 
is  subjected.  These  vibrations  reach  their  maximum  amplitude  in 
the  first  part  of  the  trajectory,  when  the  velocity  of  the  shot  is 
greatest.  A  place  varying  from  20  to  40  yards  from  the  shot  seems 
to  be  the  critical  point.  In  that  vicinity  the  line  generally  breaks. 
It  is  a  case  quite  similar  to  that  of  snapping  a  whip  and  break- 
ing off  the  farther  portion  of  the  lash.  There  is  little  doubt  but  that 
long  storage  of  lines  will  destroy  their  good  qualities.  Lines  after 
being  stored  for  a  year  or  two  should  bo  used  for  practice  drills.  Kew 
lines  when  first  received  are  stiff  and  refractory ;  this  makes  them  dif- 
ficult to  fake.  They  should  be  wound  from  the  original  coil  upon  a  reel, 
to  avoid  twisting,  and  should  be  fired  once  or  twic^  with  light  charges 
of  three  or  four  ounces  of  powder.  This  usage  will  make  them  a  little 
more  flexible,  so  that  they  can  be  faked  with  less  trouble.  New  lines 
if  possible  should  be  used  when  firing  over  wrecks.  There  should  al- 
ways be  more  than  one  good  line  at  the  station,  for  a  line  once  wet  be- 
comes difficult  to  handle.  Kew  lines  have  not  had  the  stretch  taken 
out  of  them  by  firing,  and  consequently  are  not  apt  to  be  broken  should 
it  be  necessary  to  fire  with  hea\y  charges. 

X.  FAKING-BOXES. 

These  are  boxes,  peculiarly  constructed,  to  contain  the  shot-lines  and 
preserve  them  in  readiness  for  firing  at  a  moment's  notice.  Their  size 
varies  with  the  diameter  and  length  of  line  to  be  stored  for  service.  It 
has  been  found  that  the  less  the  boxes  in  length  and  width,  the  better 
they  were  adajited  to  prevent  the  rupture  of  the  shot-line,  in  consequence 
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of  the  necessary  shortening  of  the  fakes  in  the  line.  Experiment  showed 
that  short  fakes  or  loops  of  line  diminished  very  markedly  the  length  or 
amplitude  of  the  vibrations  in  the  line  when  running  out  of  the  box.  In 
the  case  of  long  fakes,  the  line  would  break  at  the  bend,  or  change  of 
direction  of  the  line,  before  its  inertia  was  overcome.  The  effect  was  the 
same  as  if  the  line  had  been  nailed  fast  at  the  ends  of  the  fakes.  This 
was  e8i>ecially  noticeable  in  the  case  of  hemp  lines,  whose  fibers  are  very 
brittle  though  very  strong.  In  the  effort  to  diminish  the  lengths  of  the 
fakes,  experiments  were  made  with  boxes  of  lesser  length  and  width 
than  those  used  in  service  at  present.  This  required  the  faking-pins  to 
be  longer.  This  alteration  demanded  a  much  deeper  faking-box  and 
one  that  had  to  have  some  method  devised  to  hold  it  at  the  proper  in- 
chnation  when  about  to  fire.  This  form  of  box  failed  for  the  following 
reasons,  namely :  the  faking-pins  were  so  long  that  they  bent  toward 
each  other  unduly  in  the  process  of  faking,  rendering  it  somewhat  diffi- 
cult to  disengage  the  line  from  them  at  the  critical  moment,  and  bring- 
ing such  a  strain  upon  the  frame  that  it  was  hable  to  split.  To  remedy 
these  defects  the  ft'ames  and  faking-pins  would  have  to  be  made  heavier 
smd  longer,  which  would  add  to  the  weight  of  the  box  5  a  result  not  de- 
sired. Increasing  the  depth  of  the  box  weakened  it  and  made  it  more 
hable  to  be  broken  by  the  successive  impacts  of  the  vibrating  fakes, 
which  are  always  severe.  It  was  found  adnsable  to  keep  the  height  of 
the  pins  the  same  as  at  present  and  to  make  the  boxes  of  a  size  just 
capable  of  holding  the  shot-lines,  i)rovided  that  in  no  instance  should 
the  boxes  be  longer  than  three  feet.  Four  sizes  of  boxes  were  used, 
marked,  respectively.  A,  B,  C,  and  D.  Boxes  A  and  B  are  the  sizes  now 
used  in  the  service ;  C  and  D  were  designed  and  used  with  lines  No.  6  and 
No.  3^,  resi>ectively.  It  was  found  that  the  lite  of  a  wooden  faking-box, 
when  heavy  charges  of  powder  are  used,  is  short.  The  vibrations  of  the 
line,  esjiecially  the  lateral  ones,  which  originate  in  the  change  of  the  line 
fix>m  tier  to  tier  of  fakes,  are  powerfid  enough  to  sjilit  tlie  ends  of  the 
box  and  to  start  the  dovetailing  after  a  few  shots.  *  In  fact,  the  ends  of  the 
box  are  sometimes  split  at  the  first  fire.  The  split  usually  occurs  about 
four  inches  from  top  of  the  box.  The  natural  vibrations  of  the  line,  due 
to  its  position  in  the  tiers  of  fakes^  would  be  in  diagonal  planes  nearly  at 
right  angles  to  each  other ;  this  gives  rise  to  a  resultant  vibration,  whose 
p&ne  is  variable,  depending  on  several  changing  circumst^ances.  When 
this  resultant  plane  happens  to  assume  a  position  perpendicular  to  the 
bottom  and  longer  axis  of  the  faking-box,  either  the  bottom  or  the  up- 
permost side  of  the  box,  and  sometimes  both,  are  hable  to  be  split.  The 
plane  of  resultant  vibration  is  so  unstable  in  position  that  this  does  not 
often  occur ;  the  ends  are  much  more  apt  to  be  split.  It  was  found  that 
the  interior  edges  of  the  box  acted  as  knife  edges,  cutting  the  rapidly 
pa^ing-out  lines,  and  thlB,  too,  when  the  boxes  are  made  of  soft  pine 
and  the  edges  are  angles  of  90°.  The  velocity  of  the  passage  of  the 
hue,  together  with  the  striking  due  to  the  vibrations,  compensated  for 
the  unfavorable  nature  and  material  of  the  knife  edge.  The  edges  were 
rounded  and  no  further  difficulty  was  experienced  from  that  cause.  Some- 
times the  entire  line  was  carried  out.  the  end  being  taken  in  some  in- 
stances more  than  100  feet  in  front  of  tne  box.  Should  this  occur  in  serv- 
ice, the  shore  end  might  be  carried  out  into  the  water  and  be  beyond  the 
reach  of  the  surfmen,  though  perfectly  successful  in  all  other  particulars. 
To  prevent  this,  a  small  notch,  about  the  size  of  the  diameter  of  the  shot- 
line,  is  cut  in  the  side  of  the  box,  and  all  its  edges  and  comers  carefully 
rounded  and  smoothed.  Similar  notches  (which  need  not  be  rounded) 
are  cut  in  each  side  of  the  "  false  ^  bottom.    Then,  after  faking  the  line, 
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the  operator  leads  tlie  end  in  his  hand  down  one  side  of  the  tiers  of  fakes 
to  either  of  the  notches  in  the  "  false  ^  bottom,  and  the  assistant  puts  the 
faking-box  over  the  rope  and  pins,  with  the  notch  in  the  box  on  the  side 
where  the  line  is  led  out ;  this  allows  the  box  and  frame  to  be  fastened, 
together  without  trouble,  and  leaves  the  shore  end  of  the  line  hanging* 
from  the  box.  In  firing,  the  notched  side  of  the  faking-box  is  placed  upper- 
most  and  the  protruding  end  made  fast  to  another  line  on  shore,  to  ob\iate 
the  danger  of  its  loss  by  being  hauled  out  to  sea.  In  the  service  boxes, 
the  frames  and  boxes  are  held  together  by  two  staples  and  a  hook.  The 
latter  was  always  coming  out,  exposing  the  frame  and  line  to  the  chances 
of  falling  and  becoming  entangled  in  transi)ortation.  Hasps  and  turn- 
buttons  were  tried  on  the  experimental  boxes;  these^  though  safe,  some- 
times gave  trouble  in  getting  ready  for  firing  when  m  great  haste,  and, 
the  button  being  on  the  box,  it  was  thought  to  give  an  opportunity  for 
the  line,  when  \ibrating  or  whipping,  to  catch  and  be  cut  oft'.  Hasps, 
staples,  and  lever  snap-hooks  are  now  recommended  for  trial.  The 
boxes  now  made  have  the  comers  strengthened  for  about  five  inches 
with  yellow  metal  (an  alloy  of  tin  and  copper,)  angle  pieces,  at  each 
comer  near  the  bottom — top  when  in  position  for  firing. 

XI.  EXTENT  OF  EANGE  OF  SHOT-LINB. 

In  most  all  of  the  accounts  of  trials  and  experiments  with  line-carry- 
ing apparatus,  the  subject  of  range  seems  to  be  the  only  one  considered. 

If  the  attention  of  inventors  is  called  to  the  fa<5t  that  accuracy  also  is 
in  some  degree  required,  they  immediately  wander  from  the  point,  and 
bring  up  the  fact  of  the  shght  deviation  of  their  projectiles  from  the 
plane  of  fire  as  conclusive  evidence  that  their  method  is  perfect. 

The  minimum  lateral  deviation  or  axxmra^yy  with  which  a  line  can  be 
extended  a  given  distance  is  a  matter  of  vastly  more  importance  than 
apparently  has  ever  been  accorded  by  experimenters.  The  deviation 
of  the  projectile  is  seldom  excessive,  while  the  bowing  or  drift  of  the 
line  may  be  out  of  all  proportion. 

Wliat  advantage  accrues  if  a  range  of  a  mile  be  obtained  when  at 
every  shot  the  line  falls  clear  of  the  vessel  by  perhaps  many  yards,  due 
to  the  lateral  drift  of  the  line  fi^m  the  effect  of  the  wind  I  The  drift  or 
lateral  de\iation  of  the  shot-line  from  the  plane  of  fire  increases  with 
the  lightness  of  the  line,  the  increase  in  the  angle  of  elevation  of  the  gun, 
and  the  diminution  of  axial  tension  upon  the  line;  and,  lastly,  it  depends 
greatly  upon  the  horitzontiil  angle  that  the  directions  of  transverse 
winds  make  with  the  plane  of  fire.  The  effect  of  the  wind  is  greatest 
when  this  angle  is  9(P  or  blowing  directly  across  the  jilane  of  fire.  With 
light  lines,  longer  ranges  but  less  accuracy  are  obtained.  The  greatest 
range  on  record  for  a  mortar  and  line-canying  projectile  was  obtained 
with  gun  A  and  a  Silver  Lake  braided  linen  line  !No.  3  J.  This  range  was 
694§  yards,  measured  distance. 

The  greatest  range  heretofore  obtained  with  a  mortar  was  631  yards, 
reported  by  Captain  Ottinger.  How  accurately  this  range  was  meas- 
ured, or  whether  the  distance  was  only  estimated,  or  what  size  of  line 
was  used  is  unknown  to  the  writer ;  but  that  the  mortar  was  very-  much 
heavier  than  the  one  used  in  the  case  above  cited  is  beyond  doubt. 

A  range  of  400  yards  is  understood  to  be  about  the  maximum  range 
necessary  for  the  requirements  of  the  service  along  our  coasts,  and  it  is 
not  probable  that  a  hawser  and  life-car  can  be  used  with  success  over 
even  so  great  a  distance. 
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XII.  VELOCITY  OF  THE  WIITO. 

The  velocity  of  the  wind  given  in  the  tables  of  fire  is  not  the  actual 
velocity  at  the  instant  of  flrmg.  The  results  are  the  mean  velocities  of 
the  wind  during  the  intervals  between  the  shots.  This  interval  varies 
generally  from  10  minutes  to  40  minutes.  The  method  of  obtaining  the 
velocities  is  as  follows :  A  reading  of  the  anemometer  was  taken  a  few 
minutes  before  the  first  shot  upon  any  given  day,  together  with  the  time 
of  observation  J  the  second  reading  was  taken  directly  after  the  first  shot; 
ihe  third  readmg  was  taken  directly  after  the  second  shot,  and  simi- 
larly for  the  subsequent  shots.  From  these  times  and  readings  the 
mean  velocity  of  the  wind  during  the  intervals  was  computed. 

It  was  found  by  observation  that  the  velocity  of  the  wind  was  con- 
stantly changing  and  came  in  variable  puffs ;  that  it  would  freshen  up 
for  a  moment  or  two  and  then  die  away  more  or  less.  The  inter\^aik 
between  the  observations  would  often  comprise  several  of  these  alter- 
nate maximum  and  minimum  periods.  In  order  that  the  mean  velocity 
(the  one  recorded)  should  always  fall  below  the  actual  velocity  at  the 
instant  of  firing,  the  piece  was  not  fixed  until  the  wind  freshened  and 
was  blowing  with  its  greatest  force. 

The  surface  velocity  of  the  wind  appeared  generally  to  be  less  than 
that  above  the  ground  at  the  summit  of  the  trajectory.  This  was  seen 
in  the  effect  upon  the  line,  especially  when  the  wind  was  blowing  directly 
across  the  plane  of  fire.  The  anemometer  for  surface  velocities  was 
always  placed  opposite  the  200-yard  stake,  except  during  the  last  few 
days  of  the  experiments,  when  it  was  situated  60  yards  in  front  and  to 
the  right  of  the  firing-point.  It  would  have  been  placed  near  the  300- 
yard  stake,  but  for  the  fact  that  the  labor,  already  great,  of  walking  down 
and  back  after  every  shot  would  have  been  increased.  The  writer  took  all 
readings  himself,  and  either  loaded  the  piece  or  was  present  every  time 
it  was  loaded  and  fired  during  the  experiments.  This  necessitated  a 
great  deal  of  toil  through  the  sand. 

During  many  gales  and  storms  for  the  past  year  observations  were 
made  as  to  the  frequency  in  duration  of  the  temporary  lulls  of  the  wind. 

These  were  found  in  the  generality  of  cases  to  occur  often  and  to  last 
for  a  varying  interval  of  time,  ranging  from  7  to  20  seconds.  Kow,  ex- 
periments show  that  line-carrying  projectiles  rarely  occupy  more  than 
Si  seconds  in  their  flight,  and  that  it  takes  ftx)m  5  to  15  seconds  more 
for  the  line  to  settle  to  the  ground,  depending  upon  the  angle  of  eleva- 
tion at  which  the  gun  is  fired  and  tne  weight  of  the  line.  Here,  then,  for 
extreme  cases  it  may  be  seen  that  an  inter\^al  of  about  25  seconds,  and  in 
ordinary  cases  about  half  that  period,  is  required  to  fire  the  piece  and 
to  allow  the  shot  to  describe  its  trajectory  and  the  line  to  settle  upon  the 
ground  or  water.  Therefore  the  piece,  in  case  of  wreck,  should  be  pre- 
X>ared  for  firing,  and,  with  lanyard  taut,  the  gunner  should  await  the 
favorable  luU  or  moment  of  least  violence  in  the  gale,  and  then  fire  the 
piece  without  loss  of  time. 


204         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

CHAPTER    II. 

LIFE-SAVING  APPAEATUS. 

EECOMMENPATIONS. 

The  following  guns  and  projectiles  are  recommended  for  the  Life-Sav- 
ing  Service : 

The  caliber  of  the  gun  will  depend  upon  the  size  of  line  used  and  the 
range  required. 

For  ranges  of  300  yards  and  less,  with  heavy  lines  (larger  than  No. 
7),  a  3-inch  gun  should  be  used. 

For  ranges  of  400  yards  and  less,  with  service  braided  lines  between 
Nos.  4  and  7,  a  2.5-inch  bronze  gun  should  be  used. 

For  ranges  of  250  yards  and  less,  with  service  lines  betv^^een  ISTos.  4 
and  7,  a  2-inch  bronze  gun  Avill  be  sufficient. 

It  will  be  seen  by  comparing  the  above  recommendations  with  the 
records  of  firing  that  the  writer  has  allowed  a  wide  margin  or  factor  of 
safety,  as  far  as  range  is  concerned,  for  even  the  2-inch  bronze  gim  (B) 
has  no  recorded  range  of  less  than  278  yards,  and  that  too  with  a  heavy 
No.  7  line. 

I.  BEONZE  LIFE-SAYIKG  GUISES. 

These  guns  are  intended  to  be  used  in  connection  with  projectiles  hav- 
ing lines  attached  to  them  for  the  puri)ose  of  eftecting  communication 
between  the  shore  and  stranded  vessels;  or,  imder  favorable  circum- 
stances, they  may  be  used  on  shipboard  for  throwing  lines  to  the  shore. 
These  guns  are  chill-cast,  having  smooth  bores  of  2'',  2",5,  and  3"  in 
diameter,  respectively. 

1.  2.5-INCH  LIFE-SAVINa  GUN. 
[Model:  Bronze  gun  C.    CaUber:  2.5  inches =6. 35  centimeters.] 

(Plate  V.) 

The  exterior  of  this  gun  is  divided  into  four  principal  parts,  viz,  the 
breech,  the^r*^  reinforce,  the  second  reinforce,  and  the  chuse. 

The  breech  is  a  hemisphere  whose  radius  is  equal  to  the  semi-diameter 
of  the  first  reinforce. 

The  first  reinforce  is  cylindrical,  and  extends  firom  the  base  of  the 
breech  to  a  point  in  front  of  the  axis  of  the  trunnions. 

The  second  reinforce  is  a  short  frustum  of  a  cone,  joining  the  first  rein- 
force to  the  chase.  The  latter  is  cylindrical,  and  is  of  a  lesser  diameter 
than  the  first  reinforce. 

The  chase  is  terminated  in  front  by  the  face  of  the  piece  without  any 
swell  of  the  muzzle  or  muzzle-band.  The  cascabel  and  trunnions  are 
short  cylinders. 

The  rimbases  unite  with  the  exterior  surface  of  the  gun  by  tan- 
gent-curved surfaces. 

The  vent  piece  is  of  copi)er.  The  vent  is  perpendicular  to  the  axis  of 
the  bore,  and  is  1.25  inches  (=3.175  centimeters)  from  the  bottom  of  the 
bore. 

The  bore  is  cylindrical,  and  is  terminated  at  its  lower  extremity  by  a 
hemispherical  chamber,  oy  which  term  it  is  proposed  to  designate  the 
bottom  of  the  bore. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         205 

y&fhenclature, 

A — Breech.  F — ^Bore. 

B — First  reinforce.  G — Trunuious. 

C — Second  reinforce.  H — Rimbaees. 

D — Cliaee.  I— Cascabel. 

E — Chamber.  V— Vent. 

Dimensions^  dkc. 

Inches.     Centim'ra. 

Diameter  of  first  reinforce 5.5    =  13.97 

Diameter  of  chase 4.5     =  11.43 

Diameter  of  bore 2.5    =     6.35 

Diameter  of  trunnions 2.0    =    5.08 

Diameter  of  rimbases 2.8    =    7.112 

Diameter  of  cascabel 1.5    =     3.81 

Diameter  of  vent 2    =      .508 

Radiua  of  breech 2.75  =    6.985 

Sa4lius  of  chamber 1.25  =     3.175 

Ra<Uusof  chase 2.25  =     5.715 

LenjE^h  of  first  reinforce 8.50  =  21.59 

Len^h  of  second  reinforce 2.00  =    5.08 

Length  of  chase 9.5    =  24.13 

Length  of  bore,  exchisiTe  of  chamber 18.75  =  47.624 

Total  length  of  bore 20.00  =  50.799 

Length  of  trunnions 2.0    =     5.08 

Length  of  rimbases 1     =       .254 

Length  of  cascabel 1.5    =    3.81 

Distance  of  vent  from  bottom  of  bore 1.25  =    3.175 

Distance  between  the  rim  bases 5.7    =  14.478 

Totallen^  of  piece 24.25  =  61.594 

Weights. 

Lbs.  Kilos. 

Weight  of  piece 108.25  =49.0964- 

Preponderauce 1.5    =    0.680+ 

2.  2-INCH  LIFE-SAVING  GUN. 
[Model :  Bronze  giin  B.    Caliber :  2  inches  =  5.08  centimeters.] 

(Plate  lY.) 

This  iriin  is  of  the  same  general  form  as  gun  "  C  "  (2".5),  but  is  much 
smaller  and  lighter. 

yomenclature. 

A — Breech.  F— Bore. 

B — First  reinforce.  G — Trunnions. 

C — Second  reinforce.  H — Cascabel. 

I>— Chase.  V—Vcut. 
E — Chamber. 

Dimensions,  d:c. 

Inches.  Centim'ra. 

Diameter  of  first  reinforce 4.0  =  10.16 

Diameter  of  chase 3.5  =  8.89 

Diameter  of  lM>re 2.0  =  5.08 

Diameter  of  trunnions 1.75  =  4.445 

Diameter  of  cascaliel 1.5  =  3.81 

Diameter  of  vent 2  =  .508 

Radiofl  of  breech 2.0  =  5.08 

Eaditts  of  chamber 1.0  =  2.54 

RadinH  of  chase 1.75  =  4.445 

Length  of  first  reinforco 8.0  =  20.32 

Length  of  second  reinforce 1.0  =  2.54 

Length  of  chase 9.0  =  22.86 
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Length  of  bore,  exclusive  of  chamber 17.0  =  43.179 

Total  length  of  bore 18.0  =  45.719 

Length  of  trunnions 1.5  =     3.81 

Length  of  cascabel 1.5  =     3.81 

Distance  of  vent  from  bottom  of  bore 1.25  =     3.175 

Distance  between  the  rimbasea 4.0  =   10.16 

Total  length  of  gun 21.5  =  54.609 

Weights. 

Lbs.  Kilos. 

Weight  of  piece 54.25  =  24.607-4- 

Prepouderauce 1.0  =     .453+ 

[NoTE. — ^A  3-inch  (=  7.62  centimeters)  gun  may  be  made  differing  but 
sliglitly  in  weight  and  dimensions  from  the  2J-inch  above  given.  The 
model  is  essentially  the  same  in  both.] 

II.  PROJECTILES. 

1.  2.5-INCH  PROJECTILE. 

Diameter,  2.5  inches =6.35  centimeters. 

(Plate  XXII.) 

Tills  is  a  solid  cast-iron  shot.  The  form  is  cylindro-ogi  val.  A  frustum 
of  a  cone  fonns  the  bavse. 

Tlie  radius  of  the  ogival  head  is  equal  to  one  diameter  of  the  sliot.  A 
wrought-iron  sluuik  is  screwed  into  the  base,  having  an  eye  at  its  poste- 
rior extremity  for  attaching  the  shot-line. 

Dimetmons. 

Inches.  Centm'rs. 

Totalleneth .' 15.7  =  39.877 

Lenji^li  of  ogival  head 2.17  =    5.5118 

Kacliu80fhea4 2.5  =    6.350 

Length  of  cylindrical  part 12.43  =  31.5712 

piameter  of  cylindrical  part 2.5  =    6.350 

Length  of  frnstnni 1.1  =    2.794 

Diameter  of  sniaUer  base  of  frustum 1.35  =    3.429 

Shank— Total  length 6.5  =  16.510 

Length  of  screw 1.5  =    3.f^lO 

Diameter  of  screw 1.0  =    2.540 

Length  from  i>lane  of  base 5.0  =  12.700 

Distance  from  base  to  center  of  eye-hole 4.5  =  11 .430 

Diameter  of  eye-hole 4  =    1.016 

Width  at  eye 1.0  =    2.540 

Thickness  at  eye 4  =    1.016 

Diameter  of  neck 625  =    1.5H75 

Distance  of  center  of  gravity  from  plane  of  base 7.45  =  18.923 

Weight 

Lbs.  Kilos. 

Weight,  about 19         =    8.61+ 

2.  2-INCH  PROJECTILE. 

Diameter,  2  inche«=5.08  centimeters. 
(Plate  XVIII. ) 

This  projectile  is  similar  to  the  larger  calibers,  being  cylinclro-ogiva. 
in  form,  with  a  conical  frnstum  for  its  ba^e.  The  radius  of  the  ogival 
heiid  is  equal  to  one  diameter  of  the  shot.    The  body  is  of  cast  iron. 
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An  axial  cavity,  bored  fix)m  the  base,  runs  nearly  the  whole  length  of 
the  projectile.  Into  this  cavity  melted  lead  is  poured  and  allowed  to 
<MK>U  after  which  the  shank  is  screwed  in.  The  lead  increases  the  weight 
of  the  shot  without  increasing  its  volume. 

Dimensions. 

Inches.  C^ntim'rs. 

Total  length 15.0  =  38.()90 

Length  of  ogival  head 1.73  =    4.3942 

Eadinaof  head 2.0  =    S.Ot^O 

Length  of  cvUndrical  part 12.27  =  31.1148 

Diameter  of  cylindrical  part 2.0  =    5.0H0 

Length  of  frustum 1.0  =    2.540 

Diameter  of  smaUcr  base  of  frustimi 1.375  =    3.4925 

Axial  cavity— Totallength 13.5  =  34.289 

Length  tilled  with  lead 12.0  =  30.479 

Diameter 1.0  =    2.540 

Shank— Total  length 6.5  =  16.510 

Length  of  screw-thread 1.5  =    3.810 

Diameter  (exterior)  of  screw-thread 1.1  =    2.794 

Lrf^ugth  from  plane  of  base 5.0  =  12.700 

Distance  from  base  to  center  of  eye-hole 4.5  =  11. 430 

Diameter  of  eye-hole 4  =    1.016 

Width  at  eye 1.0  =    2.54 

Thickness  at  eye 4  :=    1.016 

DiametiTof  neck 5625  =     1.42K75 

Diiitance  of  center  of  gravity  from  base 7.0  =  17.78 

Weight 

Lbs.  Kilos. 

Weight,  a  little  more 13  =    5.896 

3.  3-INCH  PROJECTILE. 

Diameter,  3  inches =7.G2  centimeters. 

(Plate  XI.) 

This  is  an  elongated,  solid,  cast-iron  smooth-bore  projectile.  In  foim 
it  w  cylindro-ogival,  with  a  frustum  of  a  cone  for  its  base. 

The  radius  of  the  ogival  head  is  equal  to  the  diameter  of  the  shot. 

The  edges  or  angles  about  the  base  are  slightly  rounded. 

A  shar^j  or  eye-bolt,  of  wrought  iron  is  screwed  into  the  base  of  the 
projectile  to  serve  as  a  point  of  attachment  for  the  shot-line. 

Dimensions. 

Inches.  Ccntim'rs. 

Totallength 13.8  «=  35.  051 

Lfneth  of  ogival  head 2.6  =    6.604 

Radinsof  head 3.0  =    7.620 

Len^h  of  cylindrical  part 9.  9  «  25. 146 

Diameter  of  cylindrical  part 3.0  =    7.620 

Length  of  firuHtum 1.3  =    3.302 

IMameter  of  smaller  hase  of  friiAtum 1.7  «=    4.318 

Qiank— Total  length 6.5  =16.510 

Length  of  screw 1.5  =    3.810 

Diameter  of  screw 1.0  =    2.  540 

Length  frcmi  plane  of  hase 5.  0  =12.  700 

Distance  from  base  to  center  of  eye-hole 4. 5  =11.  430 

Diameter  of  eye-hole 4  =    1.016 

Widthat  eye 1.0  =   2.540 

Thickness  at  eye 4  =    1.016 

Diameter  of  neck 625    =    1.5875 

Weight. 

Lbs.  Kilos. 

Weight  about 23  =10.432 
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ni.  GUNCAREIAGES. 

The  carriages  or  beds  for  these  guns  are  shown  in  the  accompauying 
drawings,  which  are  sufficiently  explanatory.  The  cheeks  and  front  tran- 
som are  of  woo<l,  and  all  other  parts  are  made  of  metal  5  wrought  iron  in 
the  two  already  made. 

Weights. 

1.  Carrmgefor  2.5  and  3  inch  gum. 


(Plate  XXYII.) 


Lb8. 


For  gun  C,  carriage  and  quoin 54. 25 

For  gun  C,  carriage  alone  (49.41  lbs.),  say 50.  0 

2.  Carriage  for  2'i)wh  gun — {Otin  B), 


Kilo«. 

=  24.  GU7-I- 
=  22.  68 


(Plate  XXVL) 


Lbs. 


Kilos. 

15.  876 
15. 196 


Weight  of  oan'iage  and  quoin 35.  0 

Weight  of  caiTiage  alouo 33.  5 

IV.  FAKING-BOXES. 

Faking-box  A  should  be  used  for  lines  Nos.  6  and  7. 
Faking-box  B,  for  braided  lines  Nos.  4  and  4^. 
Faking-box  C,  for  braided  line  1^0.  5. 
Faking-box  D,  for  braided  line  No.  3J. 

V.  SHOT-LIXES. 

The  Silver  Lake  Company's  braided  linen  lines,  Nos  3J,  4,  4J,  5,  6^  ami 
7,  should  be  preferred.  Ko.  3J  is  advisable  where  extreme  range  is  re- 
quired. The  others  may  be  used  in  ordinary  cases.  The  "  water-proof 
finish  "  should  be  required. 

VI.  Implements,  &c. 

The  following  list  of  minor  implements  and  articles  should  go  with  each 
gun : 

LIST. 


Sponge  and  rammer.                           Gunner's  haversack. 
A\  iping-rod  and  wiper.                        Cartridge  bags,  two  sizes. 
2  i^riming  wires.                                   Friction  primers. 
Lanyard.                                              Quick  match  for  2"  gun. 
Combination  level. 

VIL  SEEVICB  CHARGES  OF  POWDER  (ordinary). 

1.  Foe  2".5  QUN.                                               fi.  For  V  gun. 

Namber  of  lino. 

Weight  of  powder. 

Number  of  line. 

Weight  of  powder. 

4  and  H 
6  and  7 

Ouncea. 
4  to6 
4  to  6 
4  to  8 

1 
1 

4  and  41 
5,  6,  and  7 

Ounces, 
3to4 
3  to  4 
3  to6 

3.  For  drills,  3  ounces  should  be  used. 
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CHAPTER    III. 

I.  IXSTRUCTIOXS. 

Keep  the  bore  of  the  gun  clean  at  all  times.  Tliere  is  often  a  deposit 
left  after  firing,  near  the  seat  of  the  charge,  which  prevents  the  projectile 
from  going  entirely  down  to  the  cartridge.  This  deposit  should  always 
be  removed. 

Tlie  projectiles  should  be  kept  free  from  rust.  The  use  of  emery  cloth 
and  the  application  of  a  little  oil  will  protect  the  shot  from  rust. 

In  loading,  always  measure  the  distance  from  the  charge  to  the  muzzle 
with  the  ramrod  or  wii>er  and  ai>ply  it  to  the  shot ;  in  this  manner  the 
gunner  can  always  tell  whether  the  projectile  is  fully  down  or  is  ob- 
structed by  dirt  or  sand. 

If  the  piece  be  tired  when  the  projectile  is  not  "home,"  it  strains  the 
gun  unnecessarily. 

II.  DIEECTIOXS  FOR  FIRIXG. 

Having  the  gun  and  apparatus  on  the  ground,  to  prepare  for  firing : 

1.  Select  a  place  where  the  gun  and  carriage  may  recoil  without  strik- 
ing rocks  or  other  obstructions. 

2.  Xote  the  position  of  the  vessel  to  be  relieved,  her  distance  firom  the 
shore,  the  direction  and  approximate  force  of  the  wind. 

3.  Place  the  gun  in  position,  making  allowance  for  the  force  of  the 
wind  and  for  the  drift  of  the  line. 

4.  Place  the  faking-box  and  line  on  the  windward  side  of  the  gun,  and 
two  or  three  feet  from  it,  not  more.  The  box  shoiUd  be  on  a  Une  with 
the  muzzle  of  the  gun.  Loosen  the  hasps,  invert  the  box,  and  incUne  it 
to  the  front  at  an  angle  of  about  45°. 

5.  See  that  the  vent  is  clear  by  inserting  the  priming- wire. 

6.  Wix)e  off  the  shot  with  care,  freeing  it  from  dirt  and  sand. 

7.  Remove  the  frame  and  faking-pins^  pressing  at  the  same  time  gently 
upon  the  "  false  ^  bottom  to  keep  the  takes  in  place.  Then  remove  the 
"false''  bottom  by  lifting  it  slowly  until  clear  of  the  box. 

8.  Seize  the  end  of  the  line,  drawing  out  just  enough  to  reach  to  the 
gun  without  disturbing  the  fakes  in  the  box,  pass  the  end  through  the 
eye-hole  in  the  shank  and  tie  two  or  three  half  hitches  in  it,  drawing 
the  knot  down  close  to  the  eye ;  then  wet  about  three  or  four  feet  of  the 
line. 

[The  wetting  is  a  precaution  that  was  not  taken  in  the  experimental 
finng,  it  not  being  found  necessary.  It  is  better,  however,  to  err  on 
the  safe  side.] 

9.  Remove  the  tompion  or  muzzle  cover  from  the  piece. 

10.  Insert  the  cartridge. 

11.  Insert  the  projectile  slowly  until  it  rests  upon  the  cartridge. 

12.  Prick  the  cartridge  with  the  priming  wire  to  avoid  disturbing  the 
elevation  after  being  given. 

13.  Set  the  "combination  level"  to  the  desired  angle. 

14.  Plaee  the  lower  arm  of  the  level  lengthwise  upon  the  chase. 

15.  Elevate  the  muzzle  until  the  bubble  of  the  level  stands  at  the 
middle  of  the  tube. 

16.  Adjust  the  quoin. 

17.  Uni'oll  the  lanyard  and  insert  the  hook  in  the  wire  loop  of  the 
friction  primer. 

14  ORD 
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18.  Insert  the  primer  gently  in  the  vent. 

19.  Stand  clear  of  the  line. 

20.  Fire  the  piece. 

XoTE.  If  any  of  the  fakes  should  slide  from  the  box  to  the  ground, 
place  the  loose  line  in  small  fakes  not  more  than  18  inches  long  in  front 
of  the  box.  The  necessity  for  this  operation  should  be  avoided  if  i>os- 
sible. 

III.  MANNER  OF  FAKING. 

Faking  is  an  operation  which  requires  some  care.  Any  person  may 
learn  to  do  it  in  a  kind  of  way,  but  it  requires  a  man  who  can  exercise 
a  little  common  sense  to  do  it  well.  Carelessness  and  ignorance  are  the 
most  fruitful  causes  of  want  of  success  in  laying  up  lines  by  this  method. 
Pmctice  alone  can  make  a  successful  ''  faker."  One  man  may  fake  a 
line,  but,  having  to  attend  to  three  operations  at  the  same  time,  does 
none  of  them  properly.  Two  men  may  put  up  a  line,  but,  as  before, 
there  being  more  operations  than  men  they  often  fail.  Three  men  can 
fake  a  line  weU.  For  convenience  of  reference,  I  wiU  number  these 
men  Xos.  1,  2,  and  3.  Their  duties  will  be  given  here  consecutively, 
but  it  must  be  understood  that  they  are  performed  simultaneously. 

Duties  of  Xo,  1. 

No.  1  is  the  '*  faker,"  and  is  responsible  for  the  condition  in  which  the 
line  is  stowed  away.  lie  takes  the  faking-box,  places  it  on  the  ground 
with  the  side  or  toj>  uppermost,  puts  the  frame  with  the  pins  on  toj)  of 
it,  seizes  the  "false"  bottom  and  lowers  it  into  position  over  the  pins, 
and  stands  at  the  side  facing  the  box.  He  is  now  ready  to  begin  fak- 
ing. The  cord  or  line  is  supposed  to  be  on  the  same  side  of  the  box  as 
the  *^  faker,"  and  at  some  distance  in  rear  of  him,  in  coils  or  upon  au 
improvised  reel. 

No.  2  stands  on  the  opposite  side  of  the  box  from  No.  1  and  facing  him. 

No.  3  is  about  2  yards  behind  No.  1,  and  stands  ready  to  pay  out  the 
line  from  the  reel  or  coil. 

No.  1  seizes  the  end  of  the  line,  with  his  right  hand  draws  it  forw^ani 
letting  it  pass  close  to  his  right  side,  lays  the  end  along  the  "  false "^ 
bottom  with  the  end  to  his  right.  [It  was  formerly  the  custom  to 
cod  several  yards  of  line  loosely  upon  the  "false"  bottom  before  begin- 
ning to  fake ;  this  should  not  be  done ;  no  more  line  should  be  put  on 
the  bottom  than  just  sufficient  to  reach  the  length  of  the  box,  as  that 
length  will  generally  be  sufficient  to  reach  from  the  box  to  the  gun  in 
loa(ling,  thus  avoiding  long  fakes  on  the  ground  and  the  disturbance  of 
the  fakes  in  the  box.]  He  then  leads  the  Une  between  the  comer  and 
second  pins  at  the  lett-hand  comer  of  the  frame,  on  the  side  of  No.  2, 
brings  it  aroiuid  the  corner  pin  and  between  the  second  and  third  pins 
in  the  end  row,  thence  diagonally  across  the  corner  and  around  the  sec- 
ond pin  of  the  side  row  from  left  to  right  (No.  2  holds  down  this  loo])), 
thence  back  and  around  third  pin  of  the  end  row  (holding  dow^l  this 
loop  with  the  thumb  and  finger  of  his  left  hand) ;  this  forms  the  first- 
fake  in  the  first  tier.  Repeating  this  operation  he  forms  a  tier  of  diagonal 
fakes  and  brings  up  at  the  right-hand  comer  on  his  own  side  of  the  box, 
and  passing  the  line  around  the  second  and  corner  pins  of  the  end  row 
(on  the  right)  between  the  corner  and  sec^ond  pins  on  the  side  row  next 
to  him,  he  carries  the  line  along  the  length  of  the  box,  and  out  betwe<»n 
the  (H)rner  and  second  pins  in  the  left-hand  end  row,  and  around  the 
corner  and  second  i)in  in  the  row  on  the  side  towards  him,  thence  across 
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tlie  comer  and  around  the  second  pin  in  the  end  row,  then  back  around 
the  third  pin  in  the  side  row,  forming  the  first  fake  of  the  second  tier. 

The  second  tier  will  end  at  the  right-hand  comer  on  the  side  opposite 
the  faker,  when  the  line  is  carried  in  a  similar  manner  along  the  frame 
on  the  side  of  No.  2  to  the  left-hand  corner  on  that  side,  where  the  third 
tier  begins. 

Thus,  it  will  be  seen  that  the  odd  numbers  of  tiers  begin  at  the  left- 
hand  comer  on  the  side  opposite  to  the  faker,  while  the  second,  fourth, 
sixth,  &c.,  or  even  numbers  of  tiers  begin  always  at  the  left-hand  comer  on 
the  side  ui>on  which  the  faker  stands. 

Xo.  1  continues  this  operation  of  faking  with  his  right  hand  and  hold- 
ing down  the  loops  nearest  to  him  with  his  left  until  the  pins  are  filled, 
then  if  any  line  be  left  unfaked  he  coils  it  loosely  on  top  of  the  tiers  and 
passes  the  end  down  on  one  side  to  the  notch  in  the  "false"  bottom. 

Nos.  1  and  2  take  hold  of  the  frauie,  one  at  each  end,  lift  it  off  the  box 
and  x>lace  it  on  the  ground. 

No.  3  seizes  the  box  anil  invei'ts  it  over  the  faking-pins  and  line,  with  the 
notched  side  over  the  loose  end  of  Une,  whicli  is  allowed  to  extend  out 
for  about  a  foot.  No.  1  holds  this  end  in  the  notch  of  the  "false"  bot- 
tom until  the  box  is  adjusted  in  position,  when  Nos.  2  and  3  (»lo8e  and 
fatsten  the  hasx>s.    The  box  and  line  are  now  ready  for  transi)()rtation. 

Duties  of  Xo.  2. 

Xo.  2  takes  his  place  opposite  to  No.  1,  the  box  witli  the  faking-pins 
l^eing  between  them.  His  duty  is  to  press  down  and  hold  the  loops  in 
place  on  his  side  of  the  ii'ame  as  fast  as  No.  1  passes  tliem  over  the  pins ; 
wbeu  the  faking  is  completed  he  assists  No.  1  in  moving  the  frame  and 
line  from  the  box  to  the  ground,  and  fastens  the  hasp  at  one  end  of  the 
box. 

Duties  of  Xo.  3. 

The  position  of  No.  3  is  about  6  feet  or  less  in  rear  of  No.  1.    Pie  pulls 
the  hue  from  the  reel  (which  may  be  mounted  ui>on  a  temporary  stand 
or  frame)  or  coil,  disentangles  it,  removes  all  knots  or  kinks,  and  pays  it 
out  to  No.  1,  who  fakes  it  up.    The  ease  and  rapidity  with  which  No.  1 
fakes  Avill  depend  greatly  ui)on  the  manner  in  which  No.  3  pays  out  the 
line.    If  he  does  not  give  enough  slack.  No.  1  will  draw  the  fakes  too 
tightly  around  the  pins,  bending  and  drawing  them  together  at  the  top, 
bringing  unnecessary  strain  upon  the  frame,  and  in  exceptional  cases 
bencUng  the  frame  so  much  that  the  hasps  cannot  be  fastened.    The  same 
effect  will  be  produced  if  No.  3  permits  too  much  slack,  as  then  the  ex- 
tra weight  and  effort  causes  No.  1  to  wind  too  tightly.    No.  3  must  obey 
tlie  directions  of  No.  1  in  paying  out  line,  and  accommodate  himself  to 
the  rapidity  of  action  of  the  faker.    Strict  attention  and  frequent  prac- 
tice are  necessary  to  acquire  any  degree  of  skill  in  this  manipulation. 
Xo.  1  ha«  the  tedious  and  tiresome  part  to  perform  in  this  operation. 
He  must  be  especially  careful  not  to  draw  the  loops  too  tightly  around 
the  pins;  this  he  unconsciously  will  be  sure  to  do  without  the  exercise 
of  great  caution.    He  should  instruct  No.  3  in  regard  to  the  rapidity  of 
passing  the  line.    When  faking,  he  should  always  leave  the  fakes  as 
loose  upon  the  pins  as  he  thinks  is  necessar}',  and  then  leave  them  a 
little  looser. 

It  is  almost  impossible  for  one  man  to  fake  a  line  without  drawing  it 
too  tight,  besides  which  it  is  a  long  and  toilsome  process.  Two  men 
can  do  it  but  little  better,  since  No.  2  can  render  No.  1  no  assistance  in 
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dra\^inpr  the  line  from  the  reel  or  coil.  Three  men  should  always  be 
employed  when  possible.  Practice,  and  a  great  deal  of  it,  alone  can 
make  an  expert  faker. 

InteUigent  instruction  by  illustration  should  be  given  to  new  men 
until  they  thoroughly  understand  the  method,  for  faiilty  customs  and 
habits  when  formed  iire  not  easily  corrected. 

Frecpient  drills  in  faking  should  be  mamtained  by  the  keei>ers  of  sta- 
tions, during  which  all  the  surfmen  should  be  taught,  not  only  how  to 
fake,  but  how  to  do  it  well  and  rapidly. 

An  ordinary  faker  with  two  good  assistants  can  put  up  600  yards  of 
No.  7  line  in  from  25  to  28  minutes.  A  clumsy  man  will  generally  be 
from  40  to  50  minutes  putting  up  the  same  line. 

It  must  l)e  remarked,  however,  that  the  more  rapid  the  &king  tlie 
greater  the  danger  of  getting  it  too  tight  upon  the  pins. 

IV.  CONCLUSION. 

In  the  use  of  this,  as  of  all  other  a])paratuj9,  a  certain  degree  of  care 
and  common  sense  must  be  constantly  exercised  by  those  who  have  it 
in  charge.  The  best  and  most  perfect  apparatus  in  the  world  will  prove 
a  miserable  failure  in  the  hands  of  ignorance  and  carelessness.  The 
necessity  for  thorough  instruction  and  frequent  practice  is  nowhere  so 
urgently  called  for  as  in  the  fitting  of  men  to  handle  efficiently  the 
appliances  for  saving  human  life. 
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PART  II. 
CHAPTER  I. 

BRONZE  LIFE-SAVING  GUNS. 

Tbe  term  "  life-saving  guns"  is  here  used  to  designate  sucli  ordnance  as 
may  be  emi>loyed  to  elfect  communication  between  stranded  vessels  and 
the  shore,  by  throwing  a  projectile  carrying  a  line  from  the  shore  over 
a  vBssel,  or  from  a  vessel  to  the  shore. 

The  gnus  and  mortar  treated  of  in  this  chapter  are  given  in  the  chrono- 
logical order  of  their  preparation  for  experimental  firing. 

Section  I.     RIFLED  MORTARS. 

3-INOH  MUZZLE-LOADING  RIFLED  MORTAB. 

(Plate  I.) 

DESCRIPTION. 

This  piece  is  made  fr»om  an  old  bronze  gun  which  was  found  among  a 
lot  of  captured  ordnance.  The  gun  is  of  an  obsolete  pattern  and  its 
history  is  unknown.  It  was  prepared  under  the  direction  of  "The  Ord- 
nance Boanl,''  United  States  Array,  for  making  experiments  in  connec- 
tion with  the  United  States  Life-Saving  Service. 

The  muzzle  was  cut  off  5''.4  from  the  trunnions,  and  a  muzzle-band 
or  CTlindrical  (exterior)  ring  5''  in  length  screwed  on  as  shown  in  the 
plate  (Plate  I,  Fig.  1). 

The  rifling  consists  of  3  grooves,  0''.75  wide  and  O'M  deep.  The 
grooves  begin  1".25  in  front  of  the  chamber  and  reach  their  full  depth 
at  2"  from  the  same  plane. 

The  ramp,  joining  the.  surfaces  of  the  bore  and  the  bottom  of  the 
grooves,  is  CK'.To  in  length. 

The  grooves  are  rectangidar  in  section,  with  the  comers  slightly 
rwmded.  The  exterior  tapers  slightly  from  the  base  ring  to  the  trun- 
nions. The  old  vent  had  been  filled  up  and  a  new  one  with  a  copper 
l»nehe  inserted. 

Tlie  axis  of  the  trunnions  is  below  that  of  the  piece.  The  chamber  is 
<7liiidro-sphericaL 

Dimensions. 

ToUllength 2(5.25  inches. 

Trtal  length  of  bore,  includi  ng  chamber 20.25  i  nches. 

IXaineter  of  ba«e  ring 6.2   inclies. 

IOmeter  in  rear  of  trnnnious 5.1    inches. 

Diameter  at  vent 5.7    inches. 

Biameter  in  front  of  chamber 5.65  inclies. 

Diameter  at  muzzle 5.35  inches. 

Diameter  of  bore 3.0    inches. 

Diameter  of  chamber 2.5    inches. 

Total  length  of  chanil>er 2.75  inches. 

ieiiKth  of  cylindrical  jiart  of  chamber 1.50  inches. 
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RndiuR  of  bottom  of  chambor 1.25  inches- 
Length  of  trunuunis 1.9    mchcH. 

Diameter  of  trunnions 2.0    inehcH. 

Thickness  of  metal  at  vent 1.6    inche«. 

Thickness  of  met<al  in  front  of  chamber 1.32  inches- 
Thickness  of  metal  at  muzzle 1.1    inches. 

Distance  of  vent  from  bottom  of  chamber 1.5    inches. 

Number  of  grooves 3. 

Depth  of  grooves 0.1    inch. 

Width  of  grooves 0.75  inch. 

Twist,  1  turn  in  10  feet. 

Vent  piece,  diameter  of  screw 0.75  inch. 

Vent  i)iece,  diameter  of  head 0.65  inch. 

Vent,  diameter  of 0.2    inch. 

Weights  J  (fee. 

Weight  of  rilled  mortar  (converted) 133      pounds. 

Prei)onderanco 43.25  i>oiuuIh. 

Section  II.     SMOOTH-BORE  GUNS. 

Bronze  was  selectetl  as  tlie  metal  from  which  to  cast  the  experimental 
guns. 

The  necessary  calculations  and  drawinj2:s  were  made,  and  copies  of  the 
latter,  upon  tracing-linen,  were  placed  in  the  hands  of  the  South  Boston 
Iron  Company,  who  had  undertaken  the  fabrication  of  the  guns. 

I.  BRONZE  GUX  A. 

Caliber,  3  inches=7.62  centimeters  (converted). 

(Plate  II.) 

In  the  plate  this  gun  is  represented  with  the  diameter  of  the  bore  2.5 
inches.  Later,  the  bore  was  eidarged  to  a  diameter  of  3  inches,  as  will 
be  seen  hereafter,  though  the  total  length  of  the  bore  remained  unaltered. 

The  exterior  of  this  gun  is  divided  into  four  principal  parts,  viz,  the 
hreech,  the  Jirst  reinforce^  the  second  reinforce,  and  the  chase. 

The  breech  is  a  hemisphere  whose  radius  is  equal  to  the  semi-diameter 
of  the  first  reinforcje. 

The  first  reinforce  is  cylindrical,  and  extends  from  the  base  of  the 
breech  to  a  point  in  front  of  the  axis  of  the  trunnions. 

The  second  reinforce  is  a  short  frustum  of  a  cone,  joining  the  first  re- 
inforce to  the  chase.  The  latter  is  cylindrical,  and  is  of  a  lesser  diameter 
than  the  fii\st  reinforce. 

The  chase  is  tenninated  ui  front  by  the  face  of  the  i)iece  without  any 
swell  of  the  muzzle  or  muzzle-band.  The  cascabel  and  trunnions  are 
short  cylinders. 

The  rim  bases  unite  with  the  exterior  surface  of  the  gun  by  tangent- 
curved  surfaces. 

The  vent-piece  is  of  coi)per.  The  vent  is  i)erpendicular  to  the  axis  of 
the  pie(;e,  and  is  1.5  inches  (3.81  centimeters)  from  the  bottom  of  the 
bore. 

The  l>ore  is  cylindrical  and  is  terminated  at  its  lower  extremity  by  a 
hemispherical  chamber,  by  which  teim  it  is  proposed  to  designate  the 
bottom  of  the  bore.  The  gnn  was  designed  for  a  caliber  of  2.5  inches 
(0.35  <*entimeters). 

AVhen  first  completed,  however,  it  was  bored  out  to  a  ciiliber  of  only 
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2  iiicboK  (5.08  centimeters),  in  order  to  make  some  preliminary  experi- 
ments with  projectiles  of  that  diameter.  It  was  afterwards  bored  up  to 
caliber  of  2.5  inches,  and  a  series  of  experiments  made.  Still  later  the 
size  of  the  bore  was  increased  to  3  inches,  and  half  an  inch  was  taken 
from  the  length  if  each  trunnion. 

Tlie  following  table  gives  the  respective  weights  of  this  gun  after  the 
successive  operations : 

Weights  of  bronze  (fun  A. 


I 
Actnal  I  Calciilat^'d 
weight.  I     weight. 


PoundM. 

With  bore  2"  in  iUainot<*r * ,     137 

With  boro  2".o  in  iliaiiu-ti?r I     127. 5 

With  bore  3"  in  diameter ,     114 


Pounds. 
132. 4104- 
122. 4«7-f 


The  tlieoretical  weight  was  calculated  upon  the  assumption  that  the 
specific  gravity  of  the  alloy  was  8.7. 

PREPONDERANCE. 

With  2"  caliber,  about 6     ozs.  ("  muzzle  preponderance.") 

With  2^.5  caliber 2.5  lbs. 

With  3".0  caliber 0.5  lbs. 

1.  Character  of  the  bronze. 

Tlie  alloy,  as  sho\^Ti  hy  thefractiu'e,  appeared  to  be  vei-y  homogeneous. 
The  action  of  the  metal  in  the  tuniing-lathe  indicated  great  toughness. 
The  surfaces  of  the  specimens  tested  presented  after  tractiu*e  that  pecu- 
liar blistered  appearance  and  change  of  form  which  is  usuallj^  exhibited 
by  good  bronze  when  subjected  to  great  tensile  strain. 

^is  gun  was  cast  muzzle  downwards,  and,  consequently,  the  "  riser" 
or  sinking-head  wa«  in  rear  of  the  ca«cabel.  The  specimens  for  testing 
were  taken  from  that  portion  of  the  "riser"  which  was  nearest  to  the 
breech  of  the  gun.    They  were  four  in  number. 

Three  of  the  specimens  were  cut  from  the  exterior  of  the  "  riser  "  equi- 
distant from  ea(!h  other,  measui'ed  circumferentially ;  the  fourth  was  an 
axial  specimen  from  the  same  mass  of  metal.     (See  Plate  III,  Fig.  1.) 

The  axes  of  all  the  specimens  were  parallel  to  the  axis  of  the  gun. 

Screw-threads  were  cut  upon  the  heads  to  fit  them  to  the  holders  of 
the  testing-machine. 

Ul)on  both  ends  of  the  pieces  were  marked  the  letter  A  to  desig- 
nate the  gun,  the  letter  H  to  indicate  the  sinking-head  from  whence  they 
were  taken,  and  the  numbers  of  the  specimens. 

JXmensions  of  »2)eehn€m. 

Total  iMigth 6.4  inches. 

Lenjfth  of  sliouldera 0.2  inch. 

liength  lietwcen  Mhouhlers 4.0  iuch( 

liPDgth  of  hcada 1.0  inch. 

Diameter 0.798  inch. 

Area  of  cro88-HPction 0.5  inch. 

DiaTOet4»r  of  heads  hefore  cutting  threwl 1.4 

Diameter  of  heads  after  cutting  thread 1.25 

(See  Plate  III,  Figs.  1,  2,  and  3. 

These  carefidly  turned  and  finished  samples  of  bronze  were  placed  in 
the  hands  of  Mr.  C.  B.  llichards,  engineer  of  the  Colt's  Patent  Fire- Arms 


inches. 


inches, 
inches. 
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Manufacturing  Company  of  Hartford,  Coun^  to  be  touted  upon  the  test- 
ing machine  constructed  by  that  company.  This  machine  owes  its  present 
accuracy  and  general  excellence  to  the  scientific  ability  of  Mr.  Richards, 
under  whose  supervision  it  was  constructed.  In  this  place  a  mere  ab- 
stract of  the  results  of  the  tests  wiU  be  given ;  for  further  detailexl  infor- 
mation in  regard  to  the  tests  and  the  machine  reference  must  be  made 
to  the  report  of  Mr.  liichards,  which  will  be  found  upon  subse<iuent 
pages. 

Tests  of  metal  in  bronze  gun  A. 


Test-number  of  the  SDecimcii 

012. 

013. 

014. 

015. 

Oriirinal  m&rk  on  the  end  of  the  SDecimen 

A.  H.  1. 

A.  H.  2. 

A.  U.  3. 

A.  H.  4. 

Original  minimnm  dliimeter  of  the  Bpccimen 

0.780 
0.480 
0.283 
3.40 
5.38 
5500. 
23280. 

11000. 

47800. 
42.1 
54.1 

0.707 
0.400 
0.202 
3.40 
5.30 
6000. 
23340. 

12000. 

46780. 
41.5 
51.6 

0.707 
0.400 
0.283 
3.40 
5.38 
6000. 
23740. 

12000. 

47580. 
43.3 
53.0 

0.708 

Minimum  area  of  crow-section \  Aftfrtkci^'. .' 

Distance  between  gauge-marks  . . ..  |  Aftf^fhwiture! '. 

Greatest  observed  stress  sustained  without  set 

Breakini;  stress 

0.5 
0.418 
3.49 
3.95 
3500. 
14220. 

Elastic  resistance,  in  pounds  per  square  inch,  of  orig- 
inal cross-st^ction 

7000. 

Ultimate  resistauce,  in  pounds  per  square  inch,  of  orig- 
inal cross-section 

28440. 

Greatest  retluction  of  cross-section per  cent. . 

Ultimate  elongation  between  gauge-mai'ks.  .per  cent. . 

16.4 
13.3 

Note. — ^Dimensions  and  areas  are  given  in  inches  and  stresses  in  pounds.    No.  015  was  the  axial 
specimen. 

"  The  stresses  were  applied  gradually  in  all  cases.'' 

"  Observations  to  ascertain  when  a  permanent  set  was  produced  were 
made  after  the  addition  of  each  500  pounds  stress  ui>  to  the  elastic 
limit." 

"  The  extensions  produced  by  increasing  the  stress  from  1,000  pounds 
to  3,000  pounds  were  as  follows : 


Test-number  of  specimen .--  -     -     

012. 

013. 

014. 

015. 

ten-thousandths  of  an  inch . . 

millions  of  nounds . . 

Extensions 

M(Hlttli  of  elasticity 

11. 
12.7 

10. 
14. 

8.5 
16.5 

10. 
14." 

2.  Marks. 

The  only  external  mark  ui)on  the  gun  is  the  letter  A  on  top  of  the  guu 
between  the  trunnions. 


A — Breech. 

B — Fii-st  reinforce. 

C — Second  reinforce. 

D—Chase. 

E — Chamber, 


3.  XOMENCLATUBE. 

F— Bore. 
G — Trunnions. 
H — Ca.scabel. 
I — Kiniba43eB. 
V— Vent. 

4.  XOTATION  AND  DrVIENSIONS. 


D  = 

K  = 

r  = 
ri  = 
/i  = 


diameter  of  finit  reinforce 

diameter  of  chase 

diameter  of  bore 

diameter  of  trunnions 

diameter  of  cascaliel 

diameter  of  rimbascS)  a.ssumed  to  be  cylinders 

radius  of  breech 

radius  of  chamber 

radius  of  chase 

lenpjth  of  tirst  reinforce, 


/q  =  leUirth  of  scH'ond  reinforce , 


6.0  inches. 
4.5  inches 
2.5  inches 
2.5  inches 
2.0  inches 
3.5  inches 
3.0  inches 
1.25  inches 
2.25  inches 
7.25  inches 
2.0    inches. 
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/3=leng^thof  cbaae =  8.75  inches* 

74=  len^h  of  bore  exclusive  of  chamber =16.75  inches. 

;5=len^h  of  trunnions =  2.5    inches. 

/«  =  length  of  caacabel 3e=  1.5    inches. 

It =length  of  rimbases =  0.1    inch. 

«^i>  «t»  t%  &C-,  =  volumes  of  breech,  first  reinforce,  second  reinforce,  &c.,  in  cubic  inches. 
^lyXfl,  xs,  &c.,  =  distances  of  centers  of  gravity  of  breech,  first  reinforce,  second  rein- 
force,  d^c.,  from  plane  of  reference. 

5.  Calculations. 

a.  Volumes. 

A.  Breech — ^hemispherical: 

Toliinie= J  D^  x  .5236  =  i  x  216.  x  .5236  =  t?i  =  56.5485  +  cubic  inches. 

B.  First  reinforce— cylindrical : 

Toliune  =  D»  x  .7854  x  fi  =  36  x  .7854  x  7.25  =  v^  =  204.9886  cubic  mches- 

C.  Second  reinforce— frustum  of  a  cone: 

Talmne  =  Hx.7854(g!=|!)  =  J.2  X  .7854(24^;J^)  =  .3  = 

43^9  cubic  inches. 

D    CJliase— — ovlindrical  * 
Tolume  =  ^1*  x  .7854  x  ^3  =  20.25  x  .7854  x  8'^75  =  t?4  =  139.1627  cubic 
inches. 

E.  Chamber — ^hemispherical: 
Tolume  ==  J  dj^  x  .5236  =  i .  15.625  x  .5236  =  —  rj  =  4.0906  cubic  inches. 

^    ^3ore— cvliudrical  * 
Tolume  =  d,*  x  .7854  xl^=  6.25  x  .7854  x  16.75  =  —  Vg  =  82.2213  cubic 
inches. 

G.  Trunnions  (2) — cylindrical: 

\(Aume  =  2  rfa*  X  .7854  x  ^5  =  2  x  6.25  x  .7854  x  2".  5  =  t?,  =  24.5436  cubic 
inches. 

H.  Cascabel— cylindrical : 
Tdume  =  d^^  x  .7854  x  ig  =  4  x  .7854  x  1.5  =  i\  =  4.71  cubic  inches. 

L  Rimbases  (2) — cylindrical  (assumed  to  be) : 
Tohune  =  2d^^  x  .7854  x  i^  =  2  x  12.25  x  .7854  x  O'M  =  v^  =  1.9242  cubic 
inches. 

Weight. 

Cubic  inchos.  Cubic  inches. 

r,=         56.5486  -r5=  —    4.0906 

r2=       204.9886  —  i'6=  -  82,2213 

r3=         43.5900  (-)  86.3119 

r4  =        139.1627 

+  444.2899  =  volume  of  gun  less  trunnions,  rimbases,  and 

cascabel. 
(— )  86.3119  =  volume  of  chamber  and  bore. 

+  357.9780  =  volume  of  metal  less  trunnions,  rimbases,  and 

cascabel. 
r^  =         24.5436  =  volume  of  metal  in  trunnions. 
Tg  =  4.7100  =  volume  of  metal  in  cascabel. 

r  J  =  1.9242  =  volume  of  metal  in  rimbases. 

T  =  r(r)  =       389.1558  =  total  volume  of  metal  in  gun. 
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w  =  0.  3147  pounds  avoirdupois  =  weight  of  one  cubic  inch  of  bronze 

whose  specific  gravity  is  8.7. 
Hence  W  =  V  x  i^  .=  389.1558  X  .3147  pound  =  122.467  +  pounds  =  weight 

of  gun. 

h.  Center  of  gravity. 

Assuming  the  plane  YZ,  the  plane  of  reference,  to  coincide  with  the 
base  of  the  breech,  and  the  axis  of  X  to  coincide  with  the  axis  of  the 
bore,  then,  since  the  volume  is  symmetrically  disposed  in  regard  to  this 
axis,  the  center  of  gravity  of  the  gun  will  be  given  by  the  formula — 

__,  ^-1  ^1    +^^2  ^2  +  ^^3  ^3  +  &C. 
%\  +  V^  +   V2  +  &C. 

in  which 

X  =  the  distance  of  the  center  of  gravity  of  the  gun  from  the  plane  of 

reference,  and 
t?i,  r2,  &c.  =  the  elementary  volumes; 

j?i,  X2,  &c.  =  the  distances  of  their  respective  centers  of  gravity  from  the 
plane  of  reference. 

All  distances  estimated  towards  the  right  from  the  plane  TZ  are 
regarded  as  positive;  all  estimated  towards  the  left  from  this  plane  are 
regarded  as  negative. 

The  volumes  of  all  cavities  (such  as  bore,  chamber,  &c.)  are  considered 
as  negative. 

The  volumes  of  the  trunnions  and  rimbases  are  omitted  in  this  com- 
putation, since  they  are  symmetrically  disposed  about  a  line  passing 
through  the  center  of  gravity  of  the  gun,  and  perpendicular  to  the  axis 
of  the  gun. 

The  cascabel  is  also  omitted  on  account  of  its  small  size  and  weight. 

COMPUTATION. 

Values  of  j?i,  a?2j  -^s?  &c. 
For — 

A.  Breech — hemisphere: 

(— )  iTi  =  f  E  =  |.  3"  =  — 1".125. 

B.  First  reinforce — cylinder: 

X2  =  i  fi  =  i .  7".25  =  3".625. 
C  Second  reinforce — ^irustum  of  cone: 

~  7//  OK  .   1  o//^15.1875  + 13.50 +  9^ 
-<    ..o  +  t.w   (^-cj  +  0.75  +  5.0025  ) 

=  7".25  -f  0".  0054 
.-.  .T3  rr,  8".1554 

D.  Chase — cylinder: 

Xa  =  9".25  +  J  ?3  =  9".25  +  4".375  =  13''.625. 

E.  Chamber — hemisphere: 

x^  =  1".25— I  r  =  1".25— ."46875  =  0".78125. 

F.  Bore — cylinder: 

0-6  =  1".25  +  J  ?4  =  1".25  +  8".375  =  9".625. 
Substituting  the  values  of  fi,  1^2?  &c.,  and  Xi^  x^^  &c.,  in  eq.,  and  mul- 
tiplying, we  have — 

=  (■^>3J[>1735J.  743.0844  +  355.4001  +  1800.0870  —  3.10577  —  791.38) 

^  50.5485  +  204.0880  +  43.50  +  130.1027  —  4.0006  —  82.22i3 

or 

X  =  5".068155,  say  x  =  5".07  =  distance  of  center  of  gravity  of  gun  trom 

the  plane  of  reference. 
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6.  Fabrication  of  experimental  bronze  gun  A. 

1.  Drawing, — A  fiill  size  drawing  of  the  gun  was  first  made;  the 
<limeiimons  in  inches  and  decimal  partes  of  an  inch  were  marked  upon 
this  drawing.  An  accurate  copy  of  this  drawing  was  made  upon  tracing- 
linen  and  sent  to  the  South  Boston  Iron  Company  to  guide  the  founder. 

2.  Drawing  for  tlte  chilli, — Tlie  manufa<iturers  prepared  a  full-size  draw- 
ing of  a  set  of  iron  chills  in  which  the  gun  was  to  be  cast.  The  dimen- 
sions of  the  chills  were  such  as  to  allow"  for  the  contraction  of  the  metal 
in  cooling,  for  finishing  the  gun,  and  for  the  sinking-head  or  "riser." 
The  chills  are  made  in  two  parts  which  are  identical  in  form. 

3.  Pattern. — From  the  ahove  drawing,  a  model  or  pattern  of  one-half 
of  the  chill  w  as  made  of  white  i)ine,  due  allowance  being  made  for  the 
shrinkage  of  the  cast  iron  in  cooling.  The  model  was  completed  by 
smoothing  it  off  w  ith  sand-paper  and  varnishing. 

4.  Molding. — From  this  half -model  a  mold  of  one  of  the  half-chills  was 
formed  in  wooden  flasks.  This  was  done  by  ramming  molding-com- 
position compactly  around  the  mold.  This  composition  is  a  kind  of 
«andy  loam,  containing  just  enough  clay  to  make  it  cohesive  when 
filightly  moistened  and  pressed  together.  The  wooden  half-flasks  are 
kept  from  sticking  together  by  being  sprinkled  with  a  dry  white  sand, 
<;alled  parting-sand  by  molders.  The  mold  for  the  second  half-chill  was 
made  in  the  same  manuer.  The  molding  being  completed,  the  half-fiasks 
were  bolted,  together,  and  placed  in  an  oven  to  dry  thoroughly. 

5.  Casting  the  chills. — ^When  perfectly  dry,  the  flasks  containing  the 
molds  were  removed  from  the  oven,  the  cast  iron  was  melted  and  nin 
into  Utem.  After  cooling,  the  flasks  were  removed  and  the  chills  were 
prepared  to  receive  the  bronze  tiasting  for  the  gun. 

6.  The  chills.— {Fig.  1,  plate  47.)  These  were  of  cast  iron,  l^.To  thick. 
The  total  length  was  13''  greater  than  the  extreme  length  of  the  gun. 
Of  this  8uri)lusagc,  one  inch  was  on  the  muzzle  end,  and  12"  at  the 
breech  for  a  sinking-head  or  '^  riser."  The  cavity  at  the  breech  end 
was  cylindrical,  6".5  in  diameter ;  that  at  the  muzzle  was  a  frustum  of 
a  cone  whose  lesser  base  had  a  diameter  of  5".  The  faces  of  the  flanges 
where  the  half-chills  came  together  w^ere  planed  in  order  to  fit  ch)sely. 
The  half-chills  were  bolted  together  and  the  bottom  closed,  by  an  ii*on 
plate,  V.lo  thick,  bolted  to  the  bottom  flange. 

7.  Heating  the  chills. — ^The  inside  surfaces  of  the  chills  were  coated 
ydih  clay-wash  and  placed  in  an  oven  to  dry  and  become  heated  before 
IK)uring  the  melted  metal  for  the  gun,  in  order  that  the  exteiior  should 
not  cool  too  rapidly.  This  clay- wash  is  made  by  mixing  tliree  part«  of 
inround  fire-brick  with  one  part  of  German  or  English  fire-clay,  and 
adding  a  sufficient  quantity  of  water.  When  nearly  ready  to  cast  the 
^m,  the  chill  was  removed  from  the  oven  and  taken  to  a  place  near  the 
ihmaces  where  the  crucibles  were  heating.  A  "clay  mold,''  6"  in  length, 
whose  interior  diameter  was  also  6",  was  added  to  the  height  of  the 
luuking-head  in  order  to  avoid  getting  cinders  in  the  metal  near  the 
breech  of  the  gun.  The  chills  were  so  made  that  the  gun  was  cast  muz- 
zle downwards. 

8.  The  furnaces. — (Fig.  2,  i)late  47.)  These  were  iron  cylinders  about  3' 
high,  and  2'  in  diamettT,  lined  with  fire-brick.  They  are  technically 
called  "pots."  A  high  chinuiey  furnished  the  draught.  The  gun  being 
a  small  one,  it  w^as  unnecessary  to  use  a  reverberatory  furnace,  since 
three  crucibles  (Fig.  3,  plate  47)  would  hold  the  recjuisite  amount  of 
metal.  The  cnnnbles  were  placed  in  the  "  pots"  and  the  metals  for  the 
alloy  melted  without  difficulty.    The  fuel  used  was  Lehigh  coal  with 
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broken  charcoal  put  over  the  metal  in  the  cnicibles.    The  condition  of 
tlie  furnaces  or  "pots"  was  such  that  only  two  of  those  in  the  new 
foimdery  could  be  used.    The  third  crucible  had  to  be  heated  in  a  "pot^ 
alK)ut  forty  yards  from  the  others.    The  isolated  "pof  had  a  less  effi- 
cient chimnev. 

9.  Charging  the  enicibles, — The  metals  used  were  Lake  Superior  cop- 
I)er  and  German  tin.  Both  of  these  metals  were  in  the  form  of  ingots. 
The  copper  in^jots  weighed  from  12  to  13  i)ound8  each.  The  metals  were 
carefully  weighed  and  placed  in  the  cnicibles  as  stated  in  the  table 
given  below.  The  tin  was  removed  when  the  crucibles  were  placed  in 
the  furnace  and  added  subsequently.  The  proportions  of  the  two  metals 
used  weie  as  follows : 

Copper 92  per  cent. 

Tin 8  per  cent. 

The  calcidated  charge  was : 

Copiier 333.96  lUs. 

Tin '    29.041b«. 

Total .363.00  lbs. 

Actual  charges. 


Metal. 


Coppor 
Tiu.... 


(n  cmcible — 


No.  1. 


Lb».  Ota, 

120    00 

lO'     7 


No.  2. 


IA>9.  OZB. 

120    00 
10      7 


No.  3. 


Xd4t.  oz». 
94    00 
8      2 


Total  charge 


Total. 


PoundM. 
3»4 
29 


38.1 


10.  Time  of  melting^  &c. — The  fires  were  lighted  under  all  the  crucibles  a  t 
11  a.  m.  The  copper  in  Nos.  1  and  2  was  all  melted  at  3.15  p.  m.,  while 
that  in  No.  3,  though  a  less  charge,  was  not  melted  on  account  of  a  de- 
fecitive  draught  or  some  other  cause.  This  necessitated  the  holding  back 
of  Nos.  1  and  2.  The  charge  of  No.  3  was  finally  melted  at  4  p.  m. 
On  examination  it  was  foiuid  that  the  metal  in  No.  2  wa«  not  quite  hot 
enough.  At  4.15  p.  m.  the  tin  was  added  to  the  melted  C4>pper  in  the 
crucibles.  The  ingots  of  tin  were  immersc^l  in  the  melte<l  (topper  and 
stirred  up  thoroughly  as  it  melted  to  prev<?nt  oxidation. 

11.  Canting, — ^V^lell  ready  for  casting,  cmcible  No.  3  wa«  lifted  fit)in 
the  "  pot"  and  carried  through  the  open  air  to  the  room  where  Nos.  1 
and  2  were  situated.  The  pouring  ladles  were  (Fig.  4,  plate  47)  at 
hand,  filled  with  burning  charcoal  to  keep  them  hot.  AVhen  all  was. 
ready,  cnicible  No.  3  was  emi)tied  into  ladle  No.  1,  but  not  filling  it* 
crucible  No.  1  was  hoisted  out  and  the  ladle  filled  from  it.  Ijadle  No.  1^ 
was  then  filled  with  what  remaine<l  in  (*nicible  No.  1  and  the  contents 
of  No.  2.  As  soon  as  both  ladles  were  readj',  their  contents  wei'e,  in 
suc<*ession,  poured  directly  into  the  chills,  filling  the  cavity  to  the  top. 
Tlie  gun  was  cast  at  4.40  p.  m.  From  unskillful  manipiilation  a  good 
many  cinders  and  a  good  (leal  of  s(»oria  found  a  ])assage  into  the  chills. 
The  casting  was  taken  from  the  chills  at  7  to  7.tK)  a.  m.  the  next  morn- 
ing, and  weighed,  in  a  rough  state,  303  poun<ls  with  the  riser.  The  above 
weight,  3(i3  pounds,  was  given  by  Mr.  Keed,  the  superintendent  in 
charge  of  the  foundery.  This  first  casting  was  made  on  October  1, 
1877.    When  the  gun  came  to  be  tiiriied,  it  was  discovered  that  the 


REPORT  OF  THE  CHIEF  OF  OBDNANCE.         221 

metal  or  alloy  had  not  been  hot  enoup:h  when  poured,  and  that  char- 
<M>al  cinders  had  entered  with  the  molten  metal  and  appeared  all  along 
the  chase  and  breech.  This  casting  was  rejected.  An  attempt  was 
now  made  to  prepare  a  runner-box  or  recei)tacle  for  the  metal  which 
should  be  self-skimming.  This  was  accomplished  by  placing  on  top 
of  the  sand  flask  a  runner-box  having  near  one  side  a  2"  hole  pierced 
tlirough  the  bottom  to  allow  the  liquid  metal  to  pass,  and  on  the  other 
side  a  cup  or  bowl  into  whi(rh  this  metal  was  first  i)oured.  A  partition 
a  few  inches  in  height  separated  the  two  compartments. 

Second  casting. 

Mode  of  pouring. — ^The  runner-l)ox  being  phwed  in  position  upon  the 
fliisk,  the  melted  metal,  in  ladles,  was  then  ixmr^nl,  at  first  slowly,  into 
the  cup-shai)ed  receptacle  until  it  rose  to  the  toj)  of  the  partition  and  ran 
over  it.  The  partition  was  intendetl  to  arrest  the  scx)ria  in  the  first 
instants  of  the  casting  until  enough  metal  ran  over  to  fill  the  two-inch  hole 
and  rise  above  it  a  sufiicient  distance  to  preclude  any  chance  of  the  scoria 
or  cuiders  getting  through  the  bottom  orifice.  When  the  operation  had 
proceeded  thus  Sir,  all  that  was  necessary  was  to  pour  fast  enough  to 
keep  the  metal  from  falling  so  low  as  to  i)ermit  the  residuum  to  pass 
before  the  flask  was  filled. 

Notwithstanding  these  precautions  enough  cinders  passed  into  the 
chills  and  lodged  in  the  trumiion  holes  on  top  (in  rear  of)  of  the  tnmnions 
to  reject  this  casting  also.  It  was  then  decided  to  cut  away  (y'.375  of 
the  metal  in  the  chills  in  rear  of  the  tiimnions  where  this  lodgment  had 
occurred.  This  would  allow  a  small  lodgment  of  cinders,  &c.,  without 
injuring  the  soimdness  of  the  casting. 

A  third  and  sucycessful  trial  was  then  made.  Below  are  given  the 
charges  and  dates  of  the  recastings,  and  a  r&tumS  of  the  first  trial. 

First  casting. 

Date :  October  1, 1877. 

FoundB. 

Charge :  Copper d^U 

Tin 29 

Total 363 

Weight  of  rough  casting  363  i)oimds  (Keed). 

Second  casting. 

Date :  October  4,  1877. 

Charge :  First  castuig,  weight  363  pounds. 
No  metal  used  except  the  pre\ious  casting. 

Third  casting. 

Date :  October  8,  1877. 

Founds. 

Charge :  Metal  from  second  casting 319 

CopjHT,  ingot 17 

Tin,  iiigot 2.9 

Total  ch  arge 338. 9 

Weight  of  rough  caHting 329 

Weight  of  fiuiiihecl  gun  bored  out  to  2  inches  caliber 137 
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Of  the  2.9  ponnds  of  tin  added  to  the  charge  for  this  castuig,  1.4 
pounds  was  the  proportion  to  be  added  to  the  17  pounds  of  new  copper^ 
and  1.5  pounds  was  about  one-half  of  1  ])er  cent,  of  the  weight  of  metal 
used  from  second  casting.  This  was  added  to  supply  the  amount  of  tin 
assumed  to  be  lost  by  oxidation  in  the  two  previous  castings. 

In  the  third  trial  the  fire  was  lighted  at  10.30  a.  m.;  metal  all  meltetl 
at  2.30  p.  m. ;  tin  added  at  2.30  p.  m.  j  gun  c^st  at  3  p.  m. 

The  gim  was  turned,  bored,  and  finished  in  the  usual  manner. 

II.  BROI^TZE  GUK  B. 

Caliber :  2  inches  =  5.08  centimeters. 

(Plate  IV.) 

This  gun  is  of  the  same  general  form  as  gun  A,  but  is  much  smallei* 
and  lighter.  It  also  was  made  by  the  South  Boston  Iron  Company. 
This  i)iece  was  cast  in  cliills,  muzzle  downward,  and  finished  in  a  similar- 
manner  to  gun  A.  Tlie  cast-iron  chill  was  4  inches  longer  than  the 
length  of  the  gun  including  the  cascabel.  A  clay  mold  8  inches  in 
length  was  added  above  the  chiQ  to  increase  the  height  of  the  "riser,'^ 
or  sinking-head. 

Detmls  of  casting. 

Date :  January  11,  1878. 

Pomula. 
Charge  of  metal KK) 

Lake  Superior  copper,  92  per  cent 147.2 

German  tin,  8  per  cent 12.8 

Total 160.0 

P^ire  lighted  in  fnmace  at 8.30  a.  m. 

Copper  charged 9.30  a.  m. 

Copper  melted 1.30  p.  m. 

Tin  a<lded 2.(X)  p.  m. 

Gun  cast 2.45  p.  m. 

Weights. 

FonndR. 

Weight  of  rongh  easting , 15t).00 

Weight  of  **  riser '^ 40.25 

Weight  of  gun-casting 115.75 

Weight  of  gun. 

Specific  gravity  of  alloy,  assumed 8.7         pocinda. 

Theoretical  weight  of  gun 53.279-|- 

Actual  weight  of  gun 54.2i 

Preponderance 1.0 

1.   SPECniENS  FOR   TESTING. 

(Plate  III,  Figs.  2,  3,  and  4.) 

Tliese  were  four  in  number,  as  in  the  ju'eoeding  ease,  and  were  taken 
from  tlie  *' riser"  or  sinking-head,  just  in  rear  of  the  cascabel.  They 
were  of  the  same  size  and  form,  and  occupied  the  same  relative  positions 
in  the  casting  as  did  the  specimens  from  gun  A.    The  heads  of  each  speci- 
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men  were  marked  with  the  letters  B  and  H,  together  with  its  serial  num- 
ber ;  No.  4,  as  in  the  pre\aoiis  instance,  being  the  number  of  the  axial 
fi^peeimeiu  The  letter  B  was  cut  on  tne  top  of  the  guu,  between  the 
trunnions. 

Below  will  be  found  a  tabulated  statement  of  the  results  obtained  by  the 
t«*i5tiiig-machine.  These  tests  were  made  by  Mr.  Richards,  engineer  of 
the  Colt  Company.    For  further  details  see  his  ai)i)ended  report. 

Te«ts  of  metal  from  sinking-head  of  bronze  gun  B. 


Testriiamber  of  specimen 

Urigixial  nuirk 

Bimeler of  minlmnm  croM-section 1 2ft?r fnicture  ..... 
Ai»  of  minimum  crosB-iiectioii . . . .  |  Aftei^fiictiii-e  ! ! ! ! ! 

DfatMice  between  gange-markB  ....{  ^fl'^J^^^^^^^ 

GmtMt  observed  stress  sustained  without  set 

K^pskiD^  i»tro«» 

iJBiit  of  elaiitic  resistance 

mtinate  rvsiMtauce  (tenacity) 

lrR«test  reduction  of  crosB-se<'.tinn per  cent. . 

ITltiDiatfc  elongation  between  gauge-marks per  cent. . 


Dimensions  and  area«  are  given  in  inches,  stresses  in  pounds,  and  re- 
sl<tance«  in  i>ounds  per  square  inch  of  the  original  cross-section  of  the 
sijwimen. 

2.  X03IENCLATUBE. 
A — Breech.  F — Bore. 

B — First  rt'inforce.  G — lYuunions. 

C — »S.»roud  reinforce.  H — Cascabel. 

I>— C'liase.  V— Vent. 

Chamber. 


937. 

038. 

939. 

940. 

B.  H.  1. 

B.  H.  2. 

B.  H.3. 

B.H.4. 

0.708 

0.708 

0.708 

0.708 

0.66 

0.87 

0.665 

0.73 

0.500 

0.500 

0.500 

0.500 

0.342 

0.352 

0.347 

0.418 

3.50 

3.50 

3.50 

8.50 

4.60 

5.02 

4.05 

4.07 

6000. 

5500. 

6500. 

4500. 

20820. 

21900. 

21020. 

16860. 

12000. 

11000. 

13000. 

9000. 

41640. 

43800. 

43840. 

33720. 

3L6 

29.6 

30.6 

16.4 

34.0 

43.4 

41.4 

16.3 

3.  ]SrOTATION  AND  DIMENSIONS. 

D  =  diameter  of  first  reinforce =  4  inches. 

^1  =  liiaiueter  of  chiise =  3.5  inches. 

ii  =  diametc^r  of  bore =  2  inches. 

rfj  =  dlameti^r  of  trunnions =  1.75  inches. 

^  =  diameter  of  cascabel =  1.5  inches. 

Diameter  of  vent =  0.2  inch. 

S  =  ra4liiifi  of  breech =  2  inches. 

r  =  nMliiifl  of  chamber =  1  inch. 

Ti  =  radius  of  chase =  1.75  inches. 

/i  =  length  of  first  reinforce =  8  inches. 

fg  =  length  of  second  reinforce =  1  inch. 

h  =  length  of  chase =  9  inches. 

k  =  length  of  bore,  exclusive  of  the  chamber ==  17  inchoA. 

/,  =  length  of  trunnicms ==  1.5  inclics. 

hi  =  length  of  ca.<*cahel =  1.5  inches. 

fu  «■»»  Tj,  &c.,  =  volumes  of  breech,  first  reinforce,  «fcc.,  in  cubic  inches. 

JTi.  'j*  's*  &^c.,  =  distances  of  centers  of  gravity  of  breech,  first  reinforce,  &c.,  from 
plane  of  reference. 

4.   CALCUI.ATIONS. 

a.  Volumes. 


A.  Breech — ^hemispherical:  , 

Vohune  =  i  D'  x  .5236  =  i  .64  x  .5236=  ri  =  16.7552  cubic  inches. 


224         EEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 

B.  First  reinforce — cylindrical : 

Yolume  =  D»  x  .7854  x  Zi  =  16  x  .7854  x  8  =  r^  =  100.5312  cubic  inches. 

C.  Second  reinforce— fnistum  of  cone : 

Volume  =  J  ^2  X  .7854  x  (^^1£^^  =  .3333  x  .7854  x  (?^J^)  =  r3= 

11.0599  +  cubic  inches. 

D.  Chase — cylindrical: 

Yolume  =  d^^  x  .7854  x  fe  =  12.25  x  .7854  x  9  =  t?*  =  86.5903  +  cubic 
inches. 

E.  Chamber — ^hemispherical: 

Yolume  =  ^d^^x  .5236  =  J  .8  x  .  5236  =  —  t^g  =  2.0944  cubic  inches. 

F.  Bore — cylindrical: 

Yolume  =  ^2*  x  .7854  x  ^^  =  4  x  .7854  x  17  =  —  re  =  53.4072  cubic 
inches. 

G.  Trunnions — cylindrical: 

Yolume  =  2  x  (^»  x  .7854  x  I5  =  2  X  3.0625  x  .7854  x  1.5  =  i?7  =  7.2158  -f 
cubic  inches. 

H.  Cascabel — cylindrical: 

Y^olume  =  d^  x  .7854  x  Zg  =  2.25  x  .7854  x  1.5  =  Vg  =  2.6507  cubic  inches. 

Weight, 

Cubic  incheR.  Cttliic  inche*. 

Vi=         16.7552  —  t'5F=     —  2.09-4^4 

1^2=:       100.5312  —  r6=    —53.4072 


r3=        11.0599  —55.5016 

^4  =        86.5903 


214.9366  =  volume  of  gun  IC/SS  trunnions  and  cascabel. 
—  55.5016  =  volume  of  chamber  and  bore. 


159.4350  =  volume  of  metal  less  trunnions  and  cascabel. 
f  7  =?  7.2158  =  volume  of  metal  in  trunnions. 

Vq  =         2.6507  =  volume  of  metal  in  cascabeL 


Y  =  I(v)  =      169.3015  =  whole  volume  of  meta.1  in  gun. 

w  =  0.3147  poiuids  avoirdupois  =  weight  of  one  cubic  inch  of  bronze, 

whose  specific  gravity  is  8.7. 
Hence  W  =  Y  x  i<?  =  169.3015  x  .3147  =  53.279  +  pounds  =  weight  of 

gun. 

h.  Center  of  gravity. 

Assuming  the  plane  YZ,  the  plane  of  reference,  to  coincide  with  the 
base  of  the  breech,  and  the  axis  of  X  to  coincide  with  the  axis  of  the 
bore,  then,  since  the  volume  is  symmetrically  disposed  in  regard  to  this 
axis,  the  center  of  gravity  of  the  gun  will  be  given  by  the  formula — 

^  _  ^1  3^1  +  V2  X2  +  V3  a-3  +  &C. 
Vi  +  V2  +  V3  +  &C. 

in  which 

X  =  the  distance  of  the  center  of  gravity  of  the  gun  from 
the  plane  of  reference,  and 
t?i,  1*2,  &c.  =  the  elementary  volumes; 

a?i,  X2j  &c.  =  the  distances  of  their  respective  centers  of  gravity  from 

the  plane  of  reference. 
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All  distaiie^  estimated  toward  tbe  nght  from  the  pl£uie  TZ  are  re- 
^Tsu^^  as  positive;  all  estimated  toward  the  left  from  this  plane  are 
regacded  as  aegative. 

The  volumes  of  »il  ^^vities  (such  ai^  the  ^^ore  and  chamber)  lire  con- 
aidered  »s  nc^autiv^ 

The  vcriLumes  of  tilie  tniniuops  are  omitted  in  this  calculation,  since 
tiiey  are  symmetrically  disposed  about  a  line  passing  thr<wgh  the  eent^r 
of  gravity  of  the  gun,  and  perpendicular  to  the  axis  of  the  bore. 

The  casoiyi>el  is  omitted  on  account  of  its  small  size.  Its  weight  is  in- 
sigmficant. 

^COMPUTATION* 

Yalues  4^  xij  2:2,  073,  &e. 

A.  Breech — ^hemisphere: 

B.  First  reinforce — cylinder : 

C.  Second  reinforce — ^frustum  of  cone : 

■"       -1-5-      \^4  4.  3.5  +  3.0625/ 

^         V10.5025/  ^  ^ 

.\x^  =  S"A77S  + 

D.  Chase— <5ylinder : 

a?4  =  8''  +  1"  +  i  «3  =  8''  +  1''  +  i .  9"  =  13''.5. 
£.  Chamber — ^hemisphere: 

a?5  =  1''  - 1  r  =  1''  -  (K'.375  =  0''.625. 

F.  Bore — cylinder: 

Xe  =  V'A-ilA  =  l"  +  i.  17''  =  1"  +  8".6  =  9".5. 
Sahstituting  the  values  of  Vi,  v^^  &c.,  and  Xij  X2j  &c.j  in  equation^  we 


^_flfc^aMx-^y^7>)+uoo.aaux*^V4^(|i^oswx»^*7y8)^'>>^a«»xls>^5  4.(-^I.o»^x»^gl5)■f(— iaL407«xy^») 

*  =  V^^=  ^"-"29  +  Bay  *  =  7".2  = 
digtance  of  center  of  gravity  from  the  plane  of  reference. 

ni.    BRONZE  GUN  0. 

Caliber:  2.5  inches  =  6.35  centimeters. 

(Plate  V.) 

The  exterior  of  this  gun  is  divided  into  four  principal  parts,  vi2,  the 
hreedty  thejirst  reinforce,  the  second  reinforce,  and  the  chase, 

15  OBD 
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The  breech  is  a  heinispliere  whose  radius  is  equal  to  the  8eiiii-diainet.er 
of  the  first  reinforce. 

The  first  reinforce  is  cylindrical,  and  extends  from  the  base  of  the 
breech  to  a  point  in  front  of  the  axis  of  the  trunnions. 

The  second  reinforce  is  a  short  frustum  of  a  cone,  joining  the  first 
reinforce  to  the  chase.  The  latter  is  cylindrical,  and  is  of  a  lesser  diam- 
eter than  the  first  reinforce. 

The  chase  is  terminated  in  front  by  the  face  of  the  piece  without  any 
swell  of  the  muzzle  or  muzzle-band.  The  cascabel  and  trunnions  are 
short  cylinders. 

The  rimbases  unite  with  the  exterior  sur&;ce  of  the  gun  by  tangent- 
curved  surfaces. 

The  vent  piece  is  of  copper.  The  vent  is  perpendicular  to  the  axis  of 
the  bore,  and  is  1.25  inches  (■=  3.175  centimeters)  from  the  bottom  of  the 
bore. 

The  bore  is  cylindrical,  and  is  terminated  at  its  lower  extremity  by  a 
hemispherical  chamber,  by  which  term  it  is  proposed  to  designate  the 
bottom  of  the  bore. 

1.  Details  of  casting. 

This  gun  was  cast  in  the  chill  made  for  casting  gun  A. 

Three  castings  were  made  before  a  satisfactory  gun  ingot  was  obtained. 

Fir8t  casting. 

Date :  March  23, 1878. 

Ponnda. 
Charge  of  metal 3oO 

Lake  Superior  copper  90  per  cent 315 

Gennan  tin  10  per  cent 35 

Total 350 

Fire  lighted  in  furnace  at 6.  30  a.  in. 

Copper  charged 7. 00  a.  m. 

Coi)per  melted 9. 30a.  m. 

Tin  added 9. 55  a.  iii. 

Gun  cast 10.  40  a.  ni. 

Amount  of  coal  used 250  pounds. 

Tliree  cnicibles  were  used  in  melting  the  charge:  two  "No.  60"  cruci- 
blas,  containing  99  pounds  of  copper  and  11  pounds  of  tin,  each ;  and  one 
"  No.  70,"  containing  117  pounds  of  copper  and  13  pounds  of  tin. 

Weights. 

Ponnda. 

Weight  of  rough  ingot 347 

Weightof  "riser^^ 117 

Weight  of  rough  casting : 230 

This  ingot  was  rejected  on  account  of  being  porous  at  the  breech. 

Second  casting. 
Date:  March  28,  1878. 

Ponndfi. 

Charge  of  metal  from  former  casting 345 

Weignt  of  rough  ingot 338 

Casting  rejected,  porous  around  trunnions. 
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Third  casting. 
Date :  March  30,  1878. 

Founds. 
Charge  of  metal  from  preceding  casting 336 

L.ake  Superior  ingot  copper 13.5 

Ociniaa  tin,  ingot 1.5 

TotAl  charge 353.0 

Fire  lighted  in  furnace  at 7  a.  m. 

Copper  charged  at 8  a.  m. 

Copper  melted  at 11  a.  m. 

Gtincast  at 11.30  a.  m. 

Weights. 

Pounds. 

Weight  of  rough  casting 347 

Weight  of  finished  gun lOS.iJS 

Ptoponderauce 1.5 

A  few  spots  of  tin  showed  on  the  exterior  surface  of  the  gun  just  in 
front  of  the  right  trunnion. 

This  gun  is  marked  with  the  letter  C  on  its  upper  surface  between  the 
tnmnions. 

2.  Specimens  foe  testino. 

(Plate  III,  Figs.  2,  3,  and  5.) 

The  specimens  for  testing  were  similar  to  those  for  the  preceding  guns. 
The  marks  on  the  heads  of  the  8i)ecimens  are  given  in  Fig.  5,  Plate  III. 

For  details  of  the  tests  in  this  case,  see  appended  report  of  Mr.  C.  B.. 
Richards. 

3^  NOMENCLATUBE. 

A — Breech.  F — Bore. 

B — Firat  reinforce.  G — ^Trunnions. 

C — Second  reinforce.  H — Rimbases. 

D — Chase.  I — Cascabel. 

E— Chamber.  V— Vent. 

4.  Notation  and  dimensions. 

D=diameter  of  first  reinforce =  5.5    inches.. 

^ =dianieter  of  chase =  4.5    inches.. 

4=diameter  of  bore =  2.5    inches.. 

i^=diamet«r  of  trunnions =  2      inches. 

dl«= diameter  of  rimbases  [true  diameter  =2'^8],  assumed 3      inches. 

^=diameter  of  cascabel =  1.5    inches. 

K= radius  of  breech =  2.75  inches.. 

r  =  rmlins  of  chamber =  1.25  inches. 

r*= radiiw  of  chase =  2.25  inclirs. 

<i  =  It^n^rh  of  first  reinforce =  8.50  inches. 

I2  =  leii^nh  of  HCCOLid  reinforce =  2       inches.. 

^  =  length  of  chase r=  9.5    inches. 

I,  =  lenjjth  «if  Iwre  excliLsivo  of  the  chamber =  1H.75  ImcIlch.. 

^  =  len^^th  of  trunnions =  2      inc;]ies. 

k  =  length  of  rimbases =  0.1    inch. 

(i  =  length  of  cascabel =  1.5    inches.. 

rt,  rj,  Ta,  &c.,  =  volumes  of  breech,  first  reinforce,  second  reinforce,  &c.,  in  cubic 
incheft. 

'ii  '3»'»»  &c.,  =  distances  of  centers  of  gravity  of  breech,  first  reinforce,  second  rein- 
force, ic,  from  plane  of  reference. 
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6.  CALCtJLATlONS. 

a.  Volumes. 

A.  Breech — ^hemispherical: 

Volume  =  i  D3  X  .5236  =  i  166.375  X  .5236  =  t?i  =  43,657  cubic  inches. 

B.  First  reinforce — cylindrical  : 

Volume  =  D»  X  .7854  x  ij  =  30.25  X  .7854  X  8/'5  =  t?,  =  201.9458  cubic 
inches. 

C.  Second  reinforce — frustum  of  cone : 

Volume  =iJ,  X  .7854 /^^\^  .6666  x  .7854  x  75.25  =  i?3  =  39.401 

cubic  inches. 

D.  Chase— cylindrical : 

Volume  =  di*  x  ,7854  x  ^3=20.25  x  .7854  x  9".5=^t?4=151.0916  cubic  inches. 

E.  Chamber — ^hemispherical: 

Volume  =  i .  ^2^  X  .5236  =  i .  15.625  x  .5236  =  — 175=4.0906 + cubic  inches. 

F.  Bore — cylindrical: 

Volume  =  d,«  X  .7854  x  ^^  =  6.25  x  .7854  x  18''.75  =  -  re  =  92.0391  -h 
cubic  inches. 

G.  Trunnions  (2)— cylindrical : 

Volume  =  2  .  £^3*  X  .7854  X  ^  =  2  x  4  X  .7854  x  2''.  =  t?7  =  12.6664  cubic 

inches. 
H.  Bimbases  (2) — assumed  cylindrical : 
Volume  =  2^4*  x  .7854  x  /^  =  2  x  9  x  .7854  x  O'M  =  t?8  =  1.4137  +  cubic 

inches. 

I.  Cascabel — cylindrical: 

Volume  =  ds*  X  .7854  x  1.''5  =  2.25  x  .7854  x  1.5  «=  «,  s=  2.6607  -h  cubic 

inches. 

Weight. 

Cubic  Inches.  Cubic  inches. 

Vi=  43.5570  -rft=  4.0906 

^8=201.9458  -  tJfl=92.0.391 

r,=  39.4010  

V4  =  151.0916  —  96.1297 

Vt=  12.5664 
^8=  1.4137 
«B=     2.6507 


+  452.6262  =  total  volume  of  gnn. 

—    96. 1297  =  volume  of  bore  and  chamber. 


y  =  2  (r)  =  356.4965  •=  total  volume  of  metal  in  gun. 

tr  =  0.3147  pound  avoirdupoiB  =  weight  of  one  cubic  inch  of  bronze   whone 
specific  gravity  is  8.7. 
Hence,  V  X  tc= 356. 4965  cubic  inches  X  0.3147  =  112.1896  +  pounds = weight  of  gun. 

h.  Center  of  gravity. 

Making  the  same  assumptions  and  using  the  same  notation,  and,  in 
addition,  omitting  the  volumes  of  the  rimbases,  the  center  of  gravity  is 
found  in  a  similar  manner  to  that  of  gun  B. 
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COMPUTATION. 

Yalaes  of  o^i,  Xty  d^  &c. 
Foar— 
A«  Breech — ^hemisphere: 

j?i  =  f  R  =  f .  2". lb  =  — 1".03126. 

B.  First  reinforce — cyliuder : 

C.  Second  reinforee-^frastam  of  otme: 

0^  -  8  .5  +  J  ^(^    W  +  ^f  +  r^     }- 

-8"5-U4  o// n /^15>1875  + 12.375  +  7.5e25\ _ 
-     •   -Tf.     .   ^  7.6626+6,1875  +  5^0025/ 

==  8'^5  +  (K'.5  CJIS'l  ^  8''.5  +  O^'-OSSS  ==;  ^'.4335 

V  lo.ol^5y 
.-.  x^  =     9''.4335  + 

D.  Chaae^-^cylinder : 

Sa  »  8''.5  +  2'^0  +  i  ^3  w  8^'.5  +  2f'S^  +  J  .  O^'.S  =  15''.25. 
£.  Chamber — ^hemisphere: 

x^  =  1".25  —  f  r  =  1''.25  —  (^.46875  =  (y'.78126. 

F.  Bore-— cylinder: 

JV  - 1".25  +  i  .  ^4  «  1"^6  +  i  .  18''.76  =  l(K',e25. 

Sabstttntjng  the  values  of  t^i,  v%^  &c.^  and  x^j  xty  &c.,  In  the  general 
formula,  ire  have— 

im.an  %  — i".«it»)+ (»i.m30  x  •'MfthHrnMi  x  ^'  43S5;+  15i.obi6  X  w*.»)-\-(  -<i.o9os  X  0'*.m»Hi—9t9an  y  iiv'.am) 

or. 


+ 


2497^6883  _„,,  3^o 
^' 339.8657  "■  ^  V        ' 


say  j^  ^  +  7".36  =  distance  of  center  of  gravity  from  the  plane  of 
rtference. 


CHAPTER  11. 

LIFE-SAVING  PEOJECTILBS. 

The  experimental  projectiles,  both  rifle  and  smooth  bore,  are  numbered 
in  one  series  corresx)onding  to  the  order  in  which  thev  were  made.  This 
series  comprises  projectiles  of  all  calibers  made  for  the  experiments. 

Section  I.  RIFLE  PROJKGTILES  * 

m 

1.  EXPERIMENTAL  PROJECTILE  No.  1. 

(Plate  VI.) 

This  is  a  cast-iron  projectile  and  was  finished  when  received.  It  was 
one  of  a  lot  of  similar  projectiles  prepared  under  the  direction  of  the 
Ordnance  Board  for  like  experiments. 

*  Theae  projectiles  were  used  with  3-uich  M.  L.  rifled  mortar. 


230         REPORT  OP  THE  OHTEP  OP  ORDNANCE. 

It  is  cylindrical  with  spliero-segmental  head.  This  shot  is  cast  with 
a  core,  which  leaves  a  hole  through  the  shot  fix)m  end  to  end.  This  hole 
is  cylindrical  for  2'^5  from  the  base;  at  which  distance  there  is  an 
annular  shoulder  ".25  wide  whose  outer  circle  forms  the  smaller  base  of 
the  frustum  of  a  cone  in  which  the  hole  is  continued  to  the  head  of  the 
shot. 

Tlie  cylindrical  part  of  this  axial  cavity  is  2".5  long  and  ''.6  in  diame- 
ter ;  the  conical  (a  frustum)  part  is  10".75  long,  with  diameters  of  l^'.l 
and  V'.3  at  the  smaller  and  larger  ends,  respectively.  The  base  of  this 
frustum  is  at  the  head  of  the  shot.  A  straight  groove,  ''.6  wide  and  ".5 
deep  runs  the  whole  length  of  the  shot  and  is  i>arallel  to  the  axis.  The 
bottom  of  this  groove  is  circular. 

A  radial  slot  1"  deep  and  ''.6  wide,  connects  the  longitudinal  groove 
with  the  axial  cavity. 

The  rifled  motion  is  given  by  two  rings  of  copper  or  brass  studs,  three 
in  each  ring.  The  distance  between  the  two  rings  of  studs  is  6''.25,  and 
the  rear  ring  is  situated  3".15  from  the  base  of  t£e  shot.  The  studs  sore 
radial,  and  are  screwed  into  the  shot. 

The  bearing  edges  of  the  studs  are  filed  parallel  to  the  line  joiniii|ir 
their  centers.  Within  the  axial  cavity  are  contained  a  rubber  plug  and 
a  lead  washer  through  both  of  which  the  cord  or  line  to  be  projected 
passes.  The  opening  at  the  head  of  the  shot  is  closed  by  a  sheet-iron 
cap.  This  cap  consists  of  a  cylindrical  body,  on  one  end  of  which  is 
brazed  a  circidar  head.  The  head,  from  its  greater  diameter,  projecte 
as  a  flange,  which  latter  is  curved  downwards  so  a«  to  embrace  the  point 
of  the  shot.  The  body  has  a  hole  pierced  in  one  side  to  receive  the  scre\r 
which  holds  the  cap  in  place  when  the  shot  is  fired  from  the  piece.  This 
screw  passes  through  the  wall  of  the  shot  near  the  front  end  of  the  lon- 
gitudinal groove,  and  its  head  is  countersunk  in  the  metal  at  the  bottom 
of  this  groove. 

1.  Weights,  dimensions,  &c. 
Projectile. 

Total  length 13.25  inches. 

Diameter  of  body 2.94  inchea. 

Diameter  of  body  over  studs 3.12  inches. 

Radius  of  head 1.47  inches. 

Distance  of  center  of  gravity  from  base 6.30  inches. 

Distance  of  first  row  of  studs  from  base 3.15  inches. 

Distance  between  first  and  second  row  of  studs 6.25  inches. 

Number  of  studs 6 

Number  of  studs  in  each  row 3 

Height  of  studs 0.09  inch. 

Width  of  studs 0.69  inch. 

Front  stud  to  right  of  rear  stud  (both  for  same  groove) 0.5    inch. 

Angle  due  to  one  turn  in  10  feet 4°  30' 

Weight,  about 18       pounds. 

2.  Cap.    (sHEET-moN.) 

Body. — ^Diameter 1.28  inches. 

Length 1.2   inches. 

Head. — Diameter 1.7   inches. 

3.  Washer,    (lead.) 

Diameter 1.  inch. 

Thickness 0.25  inch. 

Diameter  of  hole 0.5   inch. 
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4.  EUBBER  PLUGS. 

I>iam6ter. — Greatest 1.2   inches. 

Least 1.07  iuches. 

I>ength from  2  iuches  to  6  inches. 

Diameter  of  longitudinal  hole 0.5    inch. 

5.  Marks. 

Only  two  of  these  shot  were  made  and  finished.    They  are  marked  on 
one  of  the  rear  studs  C.  1  and  C.  2,  resi)ectively. 

11.  EXPEREVIENTAL  PROJECTILE  Ko.  2. 

(Plate  VII.) 

This  projectile  is  of  the  same  general  form  as  the  preceding  one.  It 
differs  only  in  the  weight,  and  in  the  details  of  its  dimensions  and  con- 
strnetioiL  The  metal  is  cast  iron  except  the  studs,  which  are  of  brass. 
The  following  table  and  the  drawings  are  suflSciently  explanatory. 

1.  Dimensions,  weight,  &c. 

Total  length 10.3  inches- 

Diameter  of  body 2.94  inches. 

Diameter  of  body  over  studs 3.14  inches. 

Radiiu  of  head 1.47  inches. 

Ditstauce  of  center  of  gravity  from  base 5.      inches. 

Dt^ance  of  first  row  of  studs  from  base 2.50  inches. 

Diitaiice  between  first  and  second  row  of  studs 5.      inches. 

Nomber  of  stnds 6 

Nomber  of  studs  in  each  row 3 

Heiicht  of  studs 0.10  inch. 

Width  of  studs 0.69  inch. 

Fimt  stud  to  right  of  rear  stud  (both  for  same  groove) 0.40  inch. 

AsKle  due  to  one  turn  tu  10  feet : 4°  30.' 

Louitudinal  groove  for  short  line.    Length Length  of  shot. 

Width* 0.40  inch. 

Depth* 0.37  inch. 

Axial  cavity. — Cylindrical  portion,  diameter  of 0.60  inch. 

Counterbore,  front  end,  diameter  of 1.      inch. 

Counterbore,  front  end,  length  of 2.      inches. 

Weight 16  pounds. 

2.  Cap.    (sHEET-moN.) 

Body.— External  diameter 1.      inch. 

Length 1.1    iuches. 

Head,  diameter  of 1.3    inches. 

3.  Washer,    (brass.) 

Diameter 1.      inch. 

'^rUcknees 0.15  inch. 

Diameter  of  hole 0.3    inch. 

4.  Marks. 

Two  shot  of  this  pattern  and  size  were  made.  They  are  marked  on 
the  rear  studs  as  follows,  viz :  one,  C.  L.  3 ;  the  other,  C.  L.  4. 

*  The  radial  slot  in  the  base  has  the  same  width  and  depth, 
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Section  TL     SMOOTH-BORE  PROJECTILES. 

I.  3-IFCH  SMOOTH-BORE  PROJECTILES. 
1.  Experimental  projectile  No.  3.* 

(Plate  VIIL) 

This  is  an  elongated,  solid,  cast-iron  smooth-bore  projectile.  In  form, 
it  is  cylindfo-ogival  with  a  frnstum  of  a  cone  for  its  base.  The  radiuK 
of  the  ogival  head  is  equal  to  the  diameter  of  the  shot. 

The  edges  or  angles  about  the  base  are  shghtly  rounded. 

A  shankj  or  eye-bolt,  of  wrought  iron  is  screwed  into  the  base  of  tlie 
projectile  to  serve  as  a  point  of  attachment  for  the  shot-line. 

1.  DimeMions, 

Total  lefnffth 13.8  Inches. 

Len^h  of  ogival  head * *  2.6  incli««ft. 

Radius  of  head 3.     iuclie«. 

Length  of  cylindrical  part , 9.9  inclies. 

Diameter  of  cylindrical  part 3.    inclieH. 

Length  of  frustum 1.3  iuclies. 

Diameter  of  smaller  base  of  fjrustum 1.7  incliee^ 

Shank:  Total  length 2.7  Indies. 

Length  of  screw 1.5  inches. 

Diameter  of  screw 0.5  incli. 

Length  from  plane  of  bade - 1.2  iuclies. 

Distance  from  base  to  center  of  eye-hold 0.7  incli. 

Diameter  of  eye-hole 0.4  iucli. 

Width  at  eye 1.    incli. 

Thickness  at  eye « 0.4  ilicli . 

Diameter  of  neck 0.625  inc/h. 

Weight,  about 22  ponncl«. 

2.  Marlcst 

Two  of  these  shot  were  made  and  marked  as  follows:  first,  G.  5;  sec- 
ond, C.  6. 

2.  Experimental  projectile  Kg.  4. 

(Plate  IX.) 

The  form  and  dimensions  of  the  body  of  this  shot  are  identical  with 
those  of  '*  experimental  projectile  No.  3,"  (which  see).  The  only  differ- 
ence is  in  the  shank.  The  details  of  this  projectile  are  ^Uy  shown  in  the 
drawing. 

1.  Dimensions  ofshankj  &c. 

Total  length  of  shank,  including  screw 11.5  inches. 

Length  of  acrew-thread 1.5  inches. 

Diameter  of  screw 0.5  inch. 

Length  of  shank 10.  inches. 

Diameter  of  shank 0.625  inch. 

Diameter  of  eye-hole 0,4  inch. 

Width  at  eye-hole * 1.  inch. 

Thickness  at  eye-hole 0.4  inch. 

Distance  from  plane  of  base  to  center  of  eye <».«... 9.5  inches. 

Distance  of  center  of  gravity  from  plane  of  base - 5.97  inches. 

Weight  about 22  pounclk 


• 


This  and  the  two  succeeding  projectiles  were  made  for  3''  M.  L.  rifled  mortar. 
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2.  Marks, 
One  shot,  marked  0.  7. 

3.  EXPEBIMENTAL  PHOJBOTILE  No.  5. 

(Plate  X.) 

This  ahot  also  differs  from  Ko.  3  only  in  the  length  and  details  of  the 
shaak. 

1.  Dimensions  ofshanky  dhe. 

Total  length  of  shank,  molnding  Boiew.^ 7JS  inehes. 

Length  of  ftorew-thread 1.5  inches. 

Diamet«r  of  screw 0.5  meh. 

Length  of  shank 6.  inches. 

Diameter  of  shank 0.G25  inch. 

IMameter  of  eye-hole 0.4  inch. 

Width  at  eye-hole 1.  inch. 

Thickness  at  eye-hole 0.4  inch. 

Distance  from  plane  of  hase  to  center  of  eye 5.5  inches. 

Distance  of  center  of  gravity  from  plane  of  base 6,2  inches. 

Weighty  about 22  pounds, 

2.  Marks, 
Two  shot  made^  marked,  respectively,|X3.  8  and  0.  9. 

4.  EXPERDIENTAL  PBOJEOTILE  Ifo.  I?** 

(Plate  XI,) 

This  is  a  cast-iron  projectile  whose  body  has  the  same  form  and  di- 
mensions as  ^'  experimental  projectile  ^o.  3."  The  shank,  however,  is 
different^  being  longer,  and  having  tlie  portion  which  screws  into  the 
diot  much  larger.    For  convenience  all  the  dimensions  are  here  given. 

1.  Dimensions, 

Total  length 13.8  inches. 

Len|^h  of  ogiTal  head 2.6  inches. 

Bsdius  of  head ^••. .«..«..«. ,.  3.  inches. 

Length  of  cylindrical  part 9.9  inches. 

IKsmeter  of  cylindrical  part 3.  inches. 

heagth  of  frustum ...« 1.3  inches. 

Diameter  of  smaller  ba!»e  of  frustum 1.7  inches. 

Shink:  Total  length 6.5  inches. 

Length  of  screw ^^. «..«..«.....« 1.5  inches. 

Diameter  of  screw 1.  inch. 

Length  from  plane  of  base 5.  inches. 

Distance  from  base  to  center  of  eye-hole 4.5  inches. 

Diameter  of  eye-hole 0.4  inch. 

Width  at  eye 1.  inch. 

Thickness  at  eye 0.4  inch. 

Diameter  of  neck 0.626  inch. 

Weight,  about 2o  pounds. 

2.  Marks. 

Five  of  these  shot  were  made,  and  marked  serially  from  0.  10  to  C.  14, 
both  inclusive. 

*  This  form  uaed  with  gun  *'  A  "  bored  to  a  caliber  of  3  in^htis. 
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IL  2.IK0H  SMOOTH-BORE  PROJECTILES. 

These  projectiles  were  fabricated  for  use  in  connection  with  exi>eri- 
mental  bronze  gun  "A,''  which  was  first  bored  out  to  a  caliber  of  2  inches. 

1.  Experimental  projectile  No.  6. 

(Plate  XII.) 

This  2-inch  shot  is  made  of  solid  wrought  iron.  It  is  cylindro-ogival 
in  form.  The  base  is  the  frustum  of  a  cone.  The  radius  of  the  head  is 
equal  to  one  diameter  of  the  shot.  It  has  a  wrought-iron  shank  like  the 
3-inch  smooth-bore  projectiles,  to  which  it  i^  sinular  in  all  respects  ex- 
cept in  material. 

1.  Dimensions. 

Total  lenc^th , 13.  inches* 

Len^b  of  ogival  head 1.73  inches. 

Radius  of  head 2.  inches. 

Length  of  cylindrical  part 10.27  inches. 

Diameter  of  cylindriced  part 2.  inches. 

Length  of  frustum 1.  inch. 

Diameter  of  smaUer  base  of  frustum 1.  inch. 

Shank:   Total  length 6.5  inches. 

Length  of  screw 1.5  inches. 

Diameter  of  screw 0.5  inch. 

Length  frt)m  plane  of  base 5.  inches. 

Distance  from  ba^ae  to  center  of  eye-hole 4.5  inches. 

Diameter  of  eye-hole 0.4  inch. 

Width  at  eye 1.  inch. 

Thickness  at  eye 0.4  inch. 

Diameter  of  neck .^    0.625  inch. 

Distance  of  center  of  graTity  from  base .1     6.22  inches. 

Weight,  about 10  pounds. 

2.  Marks, 

One  shot  made^  marked  LL.  1. 

2.  Experimental  projectile  No.  7. 


(Plate  Xni.) 

The  body  of  this  one  is  the  same  as  the  preceding,  but  the  shank  dif- 
fers somewhat.  All  the  dimensions  of  the  body  are  identical  with  those 
of  Ko.  6. 

1.  Dimensions  ofshank^  dkc. 

Total  length 3.5  inches. 

Length  of  screw  1 1.5  inches. 

Diameter  of  screw 0.5  inch. 

Length  from  plane  of  base 2.  inches. 

Distance  from  base  to  center  of  eye-hole 1.5  inches. 

Diameter  of  eye-hole 0.4  inch. 

Width  at  eye 1.  inch. 

Thickness  at  eye 0.4  inch. 

Diameter  of  neck 0.625  inch. 

Distance  of  center  of  gravity  frt>m  base 6.25  inches. 

"N^  eight,  about 10.  pounds. 


2.  Marks. 


Two  shot,  LL.  2j  and  LL.  3. 
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3.  Experimental  projectile  'No.  8. 

(Plate  XIV.) 

This  shot  has  the  same  exterior  form  and  dimensions  as  No.  6.  The 
body  is  made  of  cast  iron.  A  cylindrical  cavity^  whose  axis  is  coincident 
^th  that  of  the  shot,  is  bored  out  and  filled  with  lead.  This  cavity  oc- 
cupies about  two-thirds  of  the  length  of  the  projectile,  and  is  dnlled 
from  the  head  or  iBront  end.  A  plug  of  wrought-iron  screws  into  the 
open  end,  closing  the  cavity  and  forming  the  point  of  the  shot.  The 
shank,  or  eye-bolt,  is  of  wrought  iron.  The  details  of  construction  are 
^ven  in  the  drawings. 

1.  Dimensions. 

Total  length ; 13.        inches. 

I^nfCTh  of  ogival  head 1.73   inches. 

Radlas  of  head 2.        inches. 

Length  of  cylindrical  part » 10.27    inches. 

DUmeter  of  cylindrical  part 2.       inches. 

Lenj^h  of  frostnm 1.        inch. 

Diameter  of  smaller  hase  of  frustum 1.        inch. 

Point  of  projectile — ^Total  lenf^h 1.53    inches. 

Head  (ogival) :  Length 0..53    inch. 

Diameter  of  hase 1.20   inches. 

Body  (cylindrical) :  Length 1.       inch. 

Diameter 1.10   inches. 

Axial  cavity  (cylindrical) :  Total  length 9.       inches. 

Length  fined  with  lead 8.       inches. 

Diameter 1.       inch. 

Shank:  Total  length 6.5     inches. 

Length  or  screw 1.5     inches. 

Diameter  of  screw 0.5     inch. 

Length  from  plane  of  hase  of  shot 5.       inches. 

Distance  from  hase  to  center  of  eye-hole 4.5     inches. 

Diameter  of  eye-hole 0.4     inch. 

Width  at  eye 1.       inch. 

Thickness  at  eye 0.4     inch. 

Diameter  of  neck 0.625  inch. 

Distance  of  center  of  gravity  from  hase  ( "  LL.  4") 6.25    inches. 

Distance  of  center  of  gravity  from  hase  ("  LL.  5**) 6.38   inches. 

Weight,  abont 10.       pounds. 

2.  Marks. 
Two  shot  made,  marked  LL.  4  and  LL.  5. 

4.  EXPEEDiENTAL  PROJECTILE  'No.  9. 


(Plate  XY.) 

Thig  is  a  cast-iron  projectile  and  is  cast  sohd.  The  exterior  is  cyl- 
indro-ogival  with  a  part  of  the  point  removed.  A  groove  is  planed 
along  one  side  of  the  shot,  parallel  to  the  axis,  for  the  accommodation 
of  the  shot-line.  A  transverse  slot  is  cut  in  the  rear  end  of  the  pro- 
jectile to  connect  the  axial  cavity  with  the  longitudinal  groove. 

The  axial  cavity  is  bored  out  and  has  the  front  end  counterbored  for 
the  reception  of  tiie  brass  washer  and  the  loiot  on  the  end  of  the  line. 

The  cavity  is  closed  in  front  by  a  cap  held  in  position  by  a  side 
screw. 
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1.  WeigiktSj  dimensionsj  dbc. 

Total  length , 13.       inclies. 

Diameter  of  body 1.995  inclxea. 

Radius  of  head 1.995  iucliea. 

Distance  of  center  of  ffravity  from  base.... ». «...  6^   inclietft. 

Lonsitadinal  groove  for  shot-line :  Length Length  of  sliot. 

Width 0.40   inch. 

Depth. 0w35   incli. 

Grciore  in  base  for  Bfaot-liBA :  Width 0.40  inch. 

Depth 0.35   incli. 

Axial  oayity^  cylindrical  portion :  Diameter 0.60   incli.. 

Connterbore,  ftont  end :  Diameter 1.       incti. 

Length 1.50   incline. 

Weight 8.75    poiujkcla. 

2.  Gap. — {8hect4ron.) 

Body:  External  diameter 1.      incli. 

Length 1.1    inches. 

Head:  Diameterof «    1.3   inches.. 

3.  Worker, — {Brass.) 

Diameter 1.0  inch. 

Thickness ai5inch. 

Diameter  of  hole 0.30  inch. 

4.  Marks. 
Two  shot  were  made^  maxked  respectiyely  LL.  6  and  LL.  7. 

5.  EXPEBIUENTAL  PBOJECTII/B  No.  13.» 

(Plate  XVI.) 

The  exterior  dimensions  of  this  shot  are  the  same  as  those  of  No.  8. 
The  shank  in  this  instance  extends  axially  through  the  entire  length  of 
the  projectile.  The  front  end  of  the  shank  is  so  shaped  as  to  form  the 
point  of  the  projectile.  The  entire  body  of  the  projectile  is  of  lead.  The 
body  is  kept  from  turning  on  the  shank  by  flattening  the  latter  and  rais- 
ing some  barbs  on  the  angles  with  a  cold-chiseL 

1.  Dimensions. 

Point  of  projectile :  Lengthofhead 0.8   inch. 

Diameter  of  hase 1.55  inches. 

Shank:  Totallength IS.     inches. 

'    Length  from  base 5.     inches. 

Distance  from  base  to  center  of  eye-hole 4.5   inches. 

For  other  dimensions  see  "experimental  projectile  No.  S,''  and  plate  above  cited. 
Weight 14.25  pounds. 

2.  Marks. 
One  shot,  marked  LL.  O. 

6.  ExPSBnCBNTAL  PBOJEGTILE  Ko.  14.* 

(Plate  XVII.) 

This  is  similar  to  projectile  Ko.  8,  from  which  it  differs  by  having  a 
heavier  shank,  and  by  having  the  axial  cavity  for  the  lead  bored  from 


« 


Made  for  gun  B. 
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the  base  of  the  lAot.  TbiB  leaves  the  head  of  the  «hot  solid  and  dimin- 
IfUies  tlie  labor  of  manufacture.  The  dimensions  wherein  this  projectile 
differs  &om  No,  8  are  given  below.    (See  "Ex.  proj.  Ko.  8.'') 

I.  Dimmsifms. 

Diunetoir  of  smftU  baseof  frastmn 1.375  mches. 

Axial  eaTity:  Total  leneth ^ 11.5  inches. 

Ltonfrtli  fined  with  lead 10.  inches. 

Diameitar..* 1.  inch. 

Shank :  Diameter  (exterior)  of  screw-thiead 1.1  inches. 

Diameter  of  neck ..^ 0.5625  inch. 

Weight,  abont 11.  pounds. 

2.  Marks. 
One  shot  made,  marked  LL.  8. 

7.  Experimental  projeotilb  No.  15.» 

(Plate  XVni.) 

This  projectile  is  cylindro-ogival  in  form,  with  a  frnstom  of  a  cone  for 
itR  base.  The  body  is  of  cast  iron.  An  axial  cavity  is  bored  from  the 
iKMe  nearly  the  whole  length  of  the  shot.  Into  this  cavity  melted  lead 
is  poured  and  allowed  to  cool,  after  which  the  shank  is  screwed  in.  The 
leaid  increases  the  weight  of  ^e  shot  without  increasing  its  volume. 

1.  I^imensians. 

Total  lenffth 15.  inches. 

Jjeofth  of  ogival  head 1.73  inches. 

Hadins  of  head 2.  inches. 

Lflif^h  of  cylindrical  part 12.27  inches. 

Disffleter  of  cylindrical  part 2.  inches. 

liOigth  of  frostnm 1.  inch. 

Diameter  of  smaller  base  of  firustnm 1.375  inches. 

Axial  cavity  :  Total  leneth 13.5  inches. 

Length  filled  with  lead 12.  inches. 

Diameter - — 1.  inch. 

Total  length 6.5  inches. 

Length  of  screw-thread 1.6  inches. 

Diameter  (exterior)  of  screw-thread 1.1  inches. 

Length  from  plane  of  base 5.  inches. 

Distanee  firom  base  to  center  of  eye-hole 4.5  inches. 

Diameter  of  eye-hole 0.4  inch. 

Width  at  eye 1.  inch. 

Thickness  at  eye 0.4  inch. 

Diameter  of  neck , 0.5625  inch. 

of  center  of  gravity  from  base 7.  inches. 

Wdght,  a  little  over 13.  pounds. 

2.  Marks. 

Six  of  these  projectiles  were  made  and  marked,  <5onsecutively,  from 
IiL  9  to  LL.  14,  both  numbers  inclusive. 

IIL  2,5-INCH  SMOOTH-BORE  PROJECTILES. 

These  projectiles  were  fabricated  for  use  with  experimental  bronze  gun 
Aj  after  it  was  bored  out  to  a  caliber  of  2.5  inches. 

*  Made  fur  gun  B. 
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1.  Experimental  projectile  Xo.  10. 

(Plate  XIX.) 

This  is  a  2.5-inch  projectile  made  of  solid  cast  iron.    The  form  is  cylin- 
dro-ogival.    A  ftnistum  of  a  cone  forms  the  base. 

The  radius  of  the  ogival  head  is  equal  to  one  diameter  of  the  sliot. 
A  wrought-iron  shank  is  screwed  into  the  base,  having  an  eye  at  its 
.  posterior  extremity  for  attaching  the  line.    For  details  of  constructioo. 
see  plate. 

1.  Dimerutions. 

Total  lon^h 13.3  inclioci. 

Length  of  oi^ival  head 2.17  iutrlios^ 

Ra<liu8  of  head 2.5  incites. 

Leu^li  of  cvlimlrioal  part 10.03  inches. 

Diameter  of  cylindrical  part 2.5  inclies. 

Length  of  frustnm 1.1  incliest. 

Diameter  of  nmaller  base  of  frustum 1.35  indies. 

Shank  :  Total  length 6.5  inches. 

Length  of  screw 1.5  inches. 

Diameter  of  screw 0.5  inch. 

Length  from  plane  of  base 5.  inches. 

Distance  from  base  to  center  of  eye-hole .*    4.5  inches. 

Diameter  of  eye-hole 0.4  inch. 

Width  at  eye 1.  inch. 

Thickness  at  eye 0.4  inch. 

Diameter  of  neck 0.5625  inch. 

Distance  of  center  of  gravity  from  base 6.3  inches. 

Weight,  about 15  ix»uiicls. 

2.  Marks. 
Two  shot  made,  marked  L.  1  and  L.  2. 

2.  Experimental  projectile  No.  11. 

(Plate  XX.) 

This  is,  also,  a  2.5-incli  projectile,  made  of  solid  cast  iron.  The  body 
of  this  shot  has  the  same  form  as  that  of  No.  10,  and  differs  only  in  the 
length  and  weight. 

The  ogival  head  is  identical  with  that  of  No.  10.  The  wrought-iron 
shank,  or  eye-bolt,  differs  sligiitly  from  the  one  attached  to  the  preced- 
ing shot,  in  that  tlie  screw-thread  is  shorter  and  the  ne<5k  extends  into 
the  base  of  the  projectile  for  (y'A  without  diminution  of  diameter.  The 
hole  in  the  base  is  counterl>ored  to  accommodate  the  increased  size.  The 
details  are  given  in  the  following  table  of  dimensions  and  upon  the  dra.>T- 
ing  of  the  projectile. 

1.  Dimensions 

Total  lenj^h 14.7  inehea, 

Lenj^th  of  ogival  head 2.17  ini'lien. 

KadiiiH  of  head 2.5  itielu^H. 

Length  of  cylindrical  part 11.41*  inclu>H. 

Diameter  of  cylindrical  part 2.5  inclu'-s. 

Length  «»f  frustum 1.1  inclusH. 

Diameter  of  Hnialler  bane  of  fniHtum l.^JS  inches. 

Total  length  of  hole  for  nhank 1.5  inches. 

Length  of  female  Hcrew LI  inehf^a. 

Length  of  counterhore ' 0.4  inch. 

Diameter  of  female  8crew-holo 0.5  inch. 

Diameter  of  couuti*rbore 0.5625  inch. 
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Shiknk :  Total  length. 6.5  Inches. 

Len^h  of  screw 1.1  inches. 

Diameter  of  screw 0.5  inch. 

Length  of  neck  inserted  in  base  of  shot 0.4  inch. 

Length  from  plane  of  base 5.  inches. 

Distance  front  base  to  center  of  eye-hole 4.5  inches. 

Diameter  of  eye-hole 0.4  inch. 

Width  at  eye 1.  inch. 

Thickness  at  eye 0.4  inch. 

Diameter  of  neck 0.5625  inch. 

IMslanee  of  center  of  gravity  from  base 7.  inches. 

"Weight,  about 17  pounds. 

2.  Marks. 
One  shot  made,  marked  L.  3. 

3.  Experimental  projectile  No.  12. 

(Plate  XXI.) 

The  length  and  weight  of  this  projectile  are  greater  than  in  the  preceding 
one.  In  form  and  material  it  is  the  same.  Tlie  shanks  are  also  similar 
in  every  resi)ect.  The  quantities  given  in  the  following  table  are  the 
only  ones  in  which  this  shot  difiers  &om  projectile  No.  11.    (See  plate.) 

1.  Dimensions^  i&c. 

Total  leneth 15.7    inches. 

Length  of  cylindrical  part 12.43  inches. 

Distance  of  center  of  gravity  from  hase 7.45  inches. 

"Weight,  about Id       pounds. 

2.  Marks. 
One  shot  made,  marked  L.  4. 

4.  Experimental  projectile  No.  16.* 

(Plate  XXn.) 

This  cast-iron  shot  is  similar  to  No.  12,  but  it  has  a  stronger  shank. 
The  details  of  form  are  fully  shown  in  the  plate. 

1.  Dijnensians. 

•  Total  length 15.7    inches. 

Length  ofojpval  head 2.17  inches. 

Radios  of  head 2.5    inches. 

Length  of  cylindrical  part 12.43  inches. 

Diameter  of  cylindrical  part 2.5    inches. 

Length  of  frustnm 1.1    inches. 

Diimeter  of  smaller  hase  of  frustum 1.35  inches. 

HkuLk :  Total  length 6.5    inches. 

Len^.h  of  scrt^w 1.5    inches. 

Diameter  of  screw 1.      inch. 

Len^h  from  plane  of  hase 5.      inches. 

Distance  from  hase  to  center  of  eye-hole 4.5    inches. 

Diameter  of  eye-hole 0.4    inch. 

Wi<lth  at  eye 1.      inches. 

Thickness  at  eye 0.4    inch. 

Diameter  of  neck 0.(525inch. 

Distance  of  center  of  gravity  from  plane  of  hase 7.45  inches. 

VTeiirht,  ahont 19       pounds 

•  Made  for  gun  C. 
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2.  Marhi. 
IS^ine  shot  made,  numbered,  serially,  from  L  6  to  L  13^  both  inclusive. 

Table  €/  rifle  projedUee, 


Dimensions,  &o. 


Number  of  projectiles  made. 
CaUber 


C  inches 

i  csBtimetesa. 


Marks,  both  inclosiTe 

Totallength 

Diameter  of  body 

Badins  of  head 

Distaooe  of  center  of  gravity  firom  base . 
IMataooe  of  ilrst  low  of  studs  Arom  base. 


Distance  between  two  rows  of  stnds. 

Nnmbcr  of  stcids 

Komber  of  stads  in  each  row 

Height  of  stads 

Width  of  stods 


inches 

centimeters. 

inches 

centimeters. 

inches 

centimeters. 

inches 

oentimeten. 

C  inches 

\  eentimeteiv. 

C  inches 

I  centimeters. 


Front  stnd  to  right  of  rear  stnd  (both  of  same  groove) 

Angle  due  to  1  tnm  in  10  feet  (3.048  meters) 

Longitudinal  groove  for  shot-line : 

Width 


inch 

centimeter. . 

inch 

centimeters. 

inch 

centimeters. 


Depth 

Radial  slot  in  base: 
Width 


Cinch 

(  centimeters. 

<  inch 

I  centimeters. 


Depth 

Axial  cavity : 

Cylindrical  part,  diameter. 
Coonterbore  fhmt  end- 
Diameter  


Cinch 

(  centimeters. 

C  inch 

i  centimeters. 


Cinch 

I  centimeters. 


Length 
Weight,  about . 


inch 

centimeters. 

inches 

centimeters. 

C  pounds 

I  kilograms  . . 


Experimental 
projectiles. 


No.  1. 


{ 


2 
3 

7.«2 
C.l 
and 
C.  2 
13.25 
33.854 
2.M 
7.466 
1.47 
3.734 
418 

3.15 
%. 

6.25 
15.875 
6. 
8. 

0.09 
0.220 
0.60 
1.753 
0.6 
L27 
40  30* 

0.6 
1.524 
0.5 
1.27 

0.6 
L524 
1. 
2.54 

0.6 
1.524 


18 
8.16 


Weights  of  rifie  projectiles. 


Xo.  2. 


2 

3 

7.  «2 
C.L.  3 
and 
C.  L..4 

10.3 

2«.  16S 
2.94 
7.  4«8 
1.47 
3.73* 
6. 

12.70 
2.5 
6l35 
5. 

12.70 
6. 
3. 
0.1 
0.261 

0.  60 

1.  7» 
0.4 
LOll 

40  ac 

0.4 
1.01c 
0.37 
0.94 

0.4 

l.Olt 

0.3 

0.7C 

0.6 
1.534 

1. 

254 

2. 

5.0s 
16 

7.2i 


Number. 

Marks. 

Weight. 

Pounds. 

Kilogrami. 

1                                

C.l 

1& 

17.75 
16. 
16.25 

8.159 

2                         

C.2 

8.051 

8                 

C.L.  3 

C.  L.4 

7.  2:>8 

4                                         

7.371 

J 
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Table  of  S-inch  sm^foth-hore  projectiles. 


Bhnensioiia,  &c. 


NoBber  of  projectiles  made 
Calilter 


C  inches 

I  centimeters. 


MaifcA.  both  inclusive. 


inches 


ToWl^gth Smete« 


inches 


LeHthfogtr.lh«a ^nttaiii™ 


K-i»»^'»«-i IS^toeii™:: 

Lenjtkrfcylindrtadimrt Pntoei;^;:: 

Di-eteK.fcylmdriorip.rt { '^ntlmito™: ! 


l>i»rt«of«manerba«offru.tam {Sntoetem.. 

Sfank: 


inches 


T.tol  length Icentiniito™" 

1  ^^^.  _*  ■■ s  inches 

Laigth  of  screw {centimeters.. 

Diameter  of  screw ISiiiiteii'.: 

L«Hth  from  plane  of  base rceSS^ete™.: 

l^stsnee  from  base  to  center  of  eye-hole <  centSeters 

Di««eterofeye.hole....; jlSntim^te™:: 

^idthateye j^n^ii^ete™.: 

TldckneM  at  eye ISntim^tora!: 

Jinch 

I  centimeters. . 


er  of  neck 


C  inches 


ttrtince  of  center  of  gravity  fhim  base \  centimitera 

^^^•'-t {^T^v, 


Experimental  projectiles. 


No.  3. 


8. 
7.62 

iC.  6 
and 
C.  6 
13.8 
85. 051 

2.6 

a604 

3. 

7.62 

9.9 
25.146 

3. 

7.62 

1.3 

3.302 

1.7 

4.318 

2.7 

6.858 

1.5 

3.81 

0.5 

L27 

1.2 

3.048 

0.7 

1.778 

a4 

1.016 

1. 

2.54 

0.4 

1.016 

0.625 

1.587 


22 
9l979 


No.  4. 


\ 


1 

a 

7.62 
C.  7 


ia8 

35. 051 

2.6 

6.604 

3. 

7.62 

9.9 
25.146 

3. 

7.62 

1.3 

3.302 

1.7 

4.318 

11.5 

20.209 
1.5 
3.81 
0.5 
1.27 

10. 

25.4 
9.5 

24.13 
0.4 
1.016 
1. 

2.54 
0.4 
1.016 
0. 62.) 
L687 
5.97 

15.164 

22 
9.979 


No.  5. 


2 
3. 
7.62 

C>.  0|  v/«  9 

13.8 
85.051 

2.6 

a604 

3. 

7.62 

9.9 
26.146 

3. 

7.62 

1.3 

3.302 

1.7 

4.318 

7.5 
19.06 

1.5 

3.81 

0.5 

1.27 

6. 
15.24 

5.5 
13.97 

0.4 

L016 

L 

2.54 

0.4 

1.016 

0.625 

1.687 

6.2 
15.748 
22 

9.979 


No.  17. 


{ 


5 

8. 

7.62 
C.  10 

to 
C.  14 
13.8 
35.051 

2.6 

6.604 

3. 

7.62 

9.9 
25.146 

3. 

7.62 

L3 

3.302 

L7 

4.318 

6.5 
ia51 

L5 

3.81 

1. 

2.54 

5. 
12.7 

4.5 
11.43 

0.4 

1.016 

1. 

2.54 

0.4 

L016 

0.625 

1.587 


28 
10.438 


Weights  of  S-inch  smooth-bore  projectiles. 


Nomber. 

Marks. 

Weight. 

Poonds. 

Kilograms. 

1 

C.  5 

■ 

21.75 

2L75 

22.25 

21.875 

22.25 

22.59 

22.97 

23.002 

22.625 

22.906 

9.866 

2 '.'.'".".'. 1 

C.  6 

9.866 

3 '     '  

C.7 

10.003 

4 

C.  8 

9.922 

5 . 

C  9                 .          

10.093 

6 ; "."... .!!.!!!"!!!' 

C.  10 

10.248 

7 

C.  11 

10. 419 

8 

C.  12 

10.46 

9 " .;;.' ;;;.;; " 

C.13 

10.263 

10 "         

C.  14 

10.39 

16  0BD 
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Tahle  of  2-inch  smooth-h&re  prcjectiles. 


Dimensions,  &c. 


Xiunbor  of  projectiles  made 

Caliber inches...... 

I  centmieters. 


Marks,  both  inclasive 

TOW  length V^Zi^un: 

Length  of  ogiv.1  h<»d { '^^i^; 

«<««»»<'"««> HenU^ei;™: 

Length  of  cyllndrioU  part . .  {  ™J,1f «  ^i^ ; 

Diameter  of  cylindrical  part  j  ?^l|f  *  ;i;^: 

I^gth  of  frustum {  Staei;™: 

Diameter  of  smaller  base  of  ^  Inches 

frnstom. 
Shank: 


Totallength 

Length  of  screw i^^^^ 


centimeters. 

inches 

centimeters. 


centimeters. , 

Dtameter  of  «rew { JSnttaiteii:; 

Length  from  plane   of  Cinches 

base.  (centimeters.. 
Distance  from  base  to  Cinches 

center  of  eye*hole.        )  centimeters. . 

Diameter  of  eye-hole  ...J  ^^;i;-; 

^"tk'fy {SsSSiu™:; 

ThictoeMateye {^^tliiii^ii:; 

Diameter  of  neck |  J^jLiiUii:: 


Distance  of  center  of  gravity  i*™**" 

fhimbaae.  Centimeters. 

vo'sHabont {IS^^:: 


No.  6. 

No.  7. 

1. 

2. 

2. 

2. 

5.08 

5.08 

CLL.  2 

LL.1 

<    and 

iLL.  3 

13. 

13. 

33.019 

33.019 

1.73 

1.73 

4.394 

4.394 

2. 

2. 

5.08 

5.08 

10.27 

10.27 

26. 086 

26. 086 

2. 

2. 

5.08 

5.08 

1. 

1. 

2.54 

2.54 

1. 

1. 

2.54 

2.54 

6.5 

3.5 

16.51 

8.89 

1.5 

1.5 

3.81 

3.81 

0.5 

0.5 

1.27 

1.27 

5. 

2. 

12.7 

5.08 

4.5 

1.5 

11.43 

3.81 

0.4 

0.4 

1.016 

1.016 

1. 

1. 

2.54 

2.54 

0.4 

0.4 

1.016 

1.016 

0.625 

0.625 

1.587 

1.587 

j  <L22 

&25 

1 16. 799 

15.875 

10. 

10. 

4.536 

4.536 

Experimental  projectile. 


2. 

.5.08 
LL.  4 
and 
LL.  5 
13. 
33.019 

1.73 

4.394 

2. 

5.08 
10. 27 
26. 086 

2. 

5.08 

1. 

2.54 

1. 

2.54 


Cordei. 
2. 
2. 

5.08 
LL.   6 

and 
LL.  7 
13. 
33. 019 


1. 995 
5.067 


1. 995 
5.067 


6.25 

1&875 

a  75 
3.963 


\ 


L 
2. 
5.08 

LL.  0 

13. 
33.019 

1.73 

4.394 

2. 

5.08 
10. 27 
26.086 

2. 

5!  08 
1. 

2.54 

1. 

2.54 

18. 
45.719 


5. 
12.7 

4.5 
11.43 

0.4 

1.016 

1. 

2.54 

0.4 

1.016 

0.625 

L587 

a25 

15.8751 

14.25 
6.464 


I 
No.  14.  .  Xo.  1' 


1. 
2. 
5!  08 

LL.  8 

13. 
33.019 

L73 

4.394 

2. 

5.08 
10.27 
26.086 

2. 

5.08 

1. 

2.54 

1.375 

3.493 

6.5 
16.51 

1.5 

3.81 

LI 

2.794 

5. 
12.7 

4.5 

n.43 

0.4 

L016 

1. 

2.54 

0.4 

L016 

0.5625 

L429 


IL 
4.99 


6. 

2, 

}  LL  f 

Jlli^ 

38.  (>>• 
1.7, 

4.:^ 
«> 

5.  c* 
12.2: 

26.  UK 
»•» 

5.08 
1. 
2.  .'4 

i.rr-- 

3.4fr. 

6.5 
16. 51 

1.5 

3.81 

1.1 

2.7« 

5. 

12.: 

4.5 
11.43 

0.4 

LOW 

1. 

2.54 

0.4 

1.014 

0.5«5 

L429 


17.78 

13. 

5.97 


Weights  of  24nch  emooth-hore  projectiles. 


Number. 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 


Marks. 

LL.   1 

LL.   2 

LL.   3 

LL.   4 

LL.   5 

LL.   6 

LL.   7 

LL.   0 

LL.   8 

LL.   9 

LL.10 

LL.11 

LL.12 

LL.13 

LL.14 

Weight. 


Pounds. 


10.406 
10.437 
10. 375 
10.406 
10.562 
8.75 
8.75 
14.25 
11.156 
13.156 
13.156 
18.156 
13.219 
18.281 
13.25 


Kilograms. 


4.72 

4.734 

4.706 

4.72 

4.799 

3.963 

3.963 

6  464 

5.06 

5.967 

5.967 

5.967 

5l096 

6024 

6  01 


Remarks. 


Wrought  iron. 

Do! 
Axial  cavity. 

Do. 
Kodifled  Cordes  shot. 

Do. 
Made  of  lead. 
Axial  cavity. 
Axial  cavity.  13".  5  loH:- 

Do. 

Do. 

Do. 

Do. 

Do. 
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Table  of  2.0-inch  smooth-bore  project  ilea. 


Dimenaions,  &c. 


Exporinif'ntal  projectile 


No.  10. 


No.  11. 


Nmnber  of  projectiles  mado 

Ciliber 5*»<*;f«; 

"iiMrksi,  both  inoIaMve 

-^^i^-sth [JJSe^™::! 

L«^hofo^v«lheml |;°ntrmete™::' 

^^^otHeua lS^ete«:: 

Lb^  of  cylindrical  part {  ceBtimete«:: 

IH«.terofcyU«dricalpart {cSlufmete^:: 

L«Kth  of  frnfltnm {  tentrmet^rs ". ! 

DiMDet^-ofamaUerbaseoffruntum HentS^ote«:: 


Total  len  g:th 

Leogthof  screw 

IKameierof  acrew 

Lnigth  from  plane  of  iMwe ^  ceiiUmeters 

Diataaee  from  base  to  center  of  eye-hole.  |  JSn^etere 
Diaaeter  of  eye-hole ^     ^ 


inches 

centimeters . . 

inches 

centimeters . . 

j  inch 

I  centimeters . . 
C  inches 


Width  at  eye 

TUckness  at  eye 

DEaneter  of  neck 

Slituee  of  center  of  gravity  from  baae 
▼dfbt.  aboat 


oentimeters . . 

inch 

centimeters .  -. 

inch 

oentimeters . . 

inch 

centimeters . . 

inches 

centimeters . . 

pounds 

kilograms 


2. 

2.  a 

6.35 
L.1  &  L.2 
13.3 
33. 781 

2.17 

5.  312 
2.5 

6.  3.) 
10.03 
25l47G 

2.5 

6.35 

LI 

2.794 

1.35 

3.429 

6.5 

ia51 
1.5 
3.81 
0.5 
1.27 
5. 

12.70 
4.5 

11.43 
0.4 
1.016 
1. 

2.54 
0.4 
1.016 
0.5625 
1.429 
6.3 

1& 

IS. 
6.804 


1. 

2.5 

6.35 
L.  3 
14.7 
37. 337 

2.17 

5.  512 

2.5 

&35 
11.  43 
29. 031 

2.5 

6.35 

1.1 

2.794 

1.35 

3.429 

as 
lasi 

1.1 

2.794 

0.5 

1.27 

5. 
12.70 

4.5 
11.43 

0.4 

1.016 

1. 

2.54 

0.4 

1.016 

0.5625 

1.429 

7. 

17.78 
17. 

7.711 


No.  12. 


1. 

2.5 

6.35 
L.  4 
15. 7 
39.877 

2.17 

5.512 

2.5 

a  35 
12.43 
31. 571 

2.5 

a  35 

1.1 

2.794 

1.35 

3.429 

as 
lasi 

1.1 

2.794 

0.5 

1.27 

S. 
12.7 

4.5 
11.43 

a  4 

1.016 

1. 

2.54 

a  4 

L016 
a  5625 
L429 
7.45 

1&923 

18. 
a  159 


No.  16. 


9. 

2.5 
6.35 
L.5toL.13 
15.7 
39.877 
2.17 
5.512 
2.5 
a  35 
12.43 
31.  571 
2.5 
a  35 
1.1 
2.794 
1.35 
3.429 

as 
lasi 

1.5 
3.81 
1. 
2.54 

a 

12.7 
4.5 

11.43 
a  4 
1.016 
1. 
2.54 

a4 

1.016 
a62S 
1.587 
7.45 

16.923 

19. 
a  618 


TTdghts  of  2,6  inch  amooth-bore  projectiles. 


Weight. 

Pounds. 

Kilo». 

15.406 

a998 

15.406 

a998 

17.109 

7.761 

1&437 

a  357 

ia75 

a  499 

1&75 

a  499 

ia75 

a499 

ia75 

a  499 

1&781 

a  513 

1R75 

a499 

ia75 

a499 

ia75 

a  499 

ia75 

a  499 

Remarks. 


Poundt.  Kilos. 
15.5  =7.031 
la  6a2»>7. 059 
17. 343=-7. 867 
iaS31=>a400j 


Weights  after  being  fitted  with  the  shank  nsed  in  ex- 
perimentol  projectile  No.  16.  The  new  shanks  were 
pat  in  before  sending  them  to  Sandy  Hook. 
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chaptp:r  III. 

GUN-CAKRIAGES. 

Section  I.— CARRIAGES  FOR  3-INCH  M.  L.  RIFLED  MORTAR. 

L  Carriage  Ko.  1. 
(Plate  XXin.) 

The  3-inch  M.  L.  rifled  mortar  was  mounted  on  this  carriage  when  re- 
ceived. The  carriage  had  been  used  in  making  some  prehminaiy  exx>eri 
ments  before  being  sent  to  the  ISTational  Armory. 

It  consists  of  two  cheeks  and  three  transoms,  made  of  oak ;  and  of  two 
trunnion  plates,  two  cap-squares,  twelve  assembling  bolts,  twelve  washers 
and  twelve  nuts,  made  of  wrought  iron. 

The  front  and  rear  transoms  projeet  beyond  the  cheeks  to  form  handleii 
for  convenience  of  transportation. 

The  middle  transom  is  placed  vertically  between  the  cheeks,  and  is 
almost  directly  beneath  the  trunnions. 

The  ends  of  this  transom  are  let  into  the  cheeks.  Two  assembling 
bolts  passing  through  the  cheeks,  and  longitudinally  through  this  (mid- 
dle) transom,  give  rigidity  to  the  cheeks. 

The  nuts  and  ends  of  the  assembling  bolts,  which  project  below^  the 
cheeks,  tend  to  check  the  recoil  by  sinking  into  the  earth  or  sand. 

The  drawings  furnish  the  dunensions  and  the  details  of  construction. 

Weight  of  carriage  and  quoin,  77  pounds. 

II.  Carriage  ISTo.  ^. 

(Plate  XXR^) 

This  carriage  was  made  at  the  National  Armory.  It  differs  iii  some 
of  the  details  of  its  construction  from  carriage  Ko.  1. 

Tlie  cheeks  are  thicker,  are  not  so  long,  and  the  number  of  parts  U 
diminished.  Iron  handles  are  placed  at  the  sides  to  be  used  in  moving 
the  gun  and  carriage  from  place  to  place. 

The  following  are  the  component  parts  of  this  carriage,  namely : 

Two  cheeks  and  front  transom  of  wood  (oak) ;  two  trunnion  plates,  two 
cap-squares,  four  handles,  twelve  assembling  bolts,  twelve  nuts,  one 
washer,  and  one  rear  transom  of  wrought  iron. 

A  wooden  quoin  is  used  for  giving  elevations. 

Weight  of  carriage  and  quoin,  6S  pounds. 

(See  plate  for  dimensions,  &c.) 

Section  II.— CARRIAGES  FOR  SMOOTH-BORE  GUKS. 

The  carriages  or  beds  for  the  smooth-bore  bronze  guns  were  all  made 
at  the  National  Armory,  Springfield,  Mass.  The  materials  are  oak  and 
wrought  iron. 

I.  Carriage  for  bronze  gun  A. 

(Plate  XXV.) 

Ifomenclature. 

a.  Wood. 
2  checks,  same  size. 
1  firont  transom. 
1  quoin. 
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b.  Wrought  iron. 

li  trannion  plates,  same  size. 

"2  cax>-:3qiiares,  same  size. 

2  hinge  plates,  same  size. 

2  hinge  pins,  same  size  (riveted). 

2  eap-square  keys,  same  size  (rotating). 

-k  assembling  bolts,  long,  same  size. 

4  assembling  bolts,  short,  same  size. 

1  assembling  bolt,  transverse. 

l!  Tirashers. 

H  nut*?* 

1  rear  transom. 

4  handles. 

li  cheek  bands. 

The  two  rear  assembling  bolts  (long)  screw  into  the  hinge  plates. 
The  cap-square  keys  rotate  alK)ut  the  front  assembling  bolts  (long) 
iind  lock  the  e^p-siiuares  when  in  i)asition. 

The  I'heek  bands  pass  around  the  edges  of  the  checks  and  are  fastened 
to  the  latter  by  wood-screws. 

These  bands  are  made  to  fit  closely. 

The  dimensions  and  details  of  the  construction  are  given  in  the  plate. 
AVdght  of  carriage  and  quoin,  63  i)ound8. 

II.  Carriage  for  bronze  gun  B. 

(Plate  XXVI.) 

This  carriage  is  similar  in  form  to  the  preceding  one,  but  is  smaller 
iind  hghter.  The  rods  that  sei've  as  handles  for  transportation  are  made 
long,  in  order  that  the  load  may  be  balanced  by  slipping  the  hands 
aloDg  the  rods  when  two  men  carry  tlie  gun  and  carriage  with  the  pro- 
jeetiles  Ijiiig  on  the  rear  transom. 

The  nomenclature  of  this  and  the  following  carriage  is  the  same  as 
that  for  gnu  A. 

AVeight  of  carriage  ami  quoiu 35     pounds. 

Weigbt  of  caniagc  alone 'X^.  5  pounds. 

(For  details  see  plate.) 

III.  Carriage  for  bronze  gxtn  C. 

(Plate  XXVn.) 

This  carriage  differs  but  slightly  from  that  designed  for  gun  A.     . 
The  trunnion  beds  and  transoms  in  this  carriage  are  placed  farther 
fonranl,  and  the  cheeks  are  cut  away  more  in  rear  of  the  trumiions. 
The  drawings  give  all  the  details  of  construction  and  the  dimensions. 

Wfight  of  carriage  and  quoin 54.  25  jiounds' 

^Ve^ght  of  carriage  alone  (49.41  pounils)  say 50        pounds* 

Recapitulation  of  the  weights  of  gun-carriages. 


Xa 


Gon-carriAge,  with  qnoin. 


-^i 

1  Xo.  1  for  8"  H.  L.  R.  mortar 

2  '  Xo.  2  fw  3"  H.  L.  R.  mortor 

t,  F<n-S.  B.  gun  A 

4    ForS.B.fnuiB 

Sj  For&B.  gnnC 


Weight. 

Poonds. 

Kilograms. 

77 
68 
68 
35 
54.25 

34.03 
30.84 
28.58 
15.88 
24.61 

Remarks. 


Without  quoin,  33.5  ponmU  (15.2  Idlos.) 
Without  quoin,  50  pounda  (22.68  kilos.) 
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CHAPTER  IV. 

POWDEE,  AND  CAETEIDGB  BAGS. 

I.  POWDEB. 

Two  kinds  of  powder  were  used  during  the  first  series  of  experiments: 
Dupont's  mortar  jiowder  and  Hazard's  United  States  Government 
musket  powder. 

The  Dupont  mortar  powder  used  was  a  samx)le  on  hand  when  tlie 
experiments  began. 

The  qualities  of  the  Hazard  musket  powder  used  in  this  series  of 
experiments  are  shown  below  in  the  report  of  Mr.  E.  T.  Hare,  in  chargfe 
of  the  experimental  apparatus  at  tliis  armory.  The  arm  and  ammunition 
used,  though  not  conforming  to  the  actual  conditions  of  service  with  life- 
saving  guns  and  projectiles,  aflford  relative  tests  of  the  values  of  diftereut 
powders. 

The  pressures  in  all  cases  were  taken  with  the  Eodman  pressure  plu^, 
with  musket  housing,  using  the  National  Armory  circular  cutter.  There 
was  no  "internal-pressure  gauge"  suitable  for  use  with  the  life-saviii^ 
guns.  The  Le  Bouleng6  cln'onograph,  the  Benton  electro-ballistic  ma- 
chine, and  the  Benton  thi'ead  velocuneter  were  emi)loyed  in  obtaining 
the  initial  velocities.  These  machines  were  used  simultaneously  for 
taking  velocities. 

Record  of  initial  velocities. 

[Station :  National  Arraor>',  Snrinpflelfl,  MaM.  Date:  February  26. 1878.  Kind  of  arm :  Si>rinfffiold  rirt. 
Ammunition:  Pn^parcd'.  Weight  .of  powder:  70  graina.  Kina  of  powder:  Ha^ird's  UnUed  Statm 
Govenmu'ut  Musket.  Weight  of  ball :  405  grains.  Object  of  experiment:  To  teat  velocity,  preaiiure. 
and  apecific  gravity  of  powder.    Specific  gravity :  1.80.  j 


Number  of  shot. 

Le  Boulcngd. 

Electro-ballistic. 

Thread  velocimet^r. 

Presaurea  per 
square  inch. 

1 

Feet. 
1381.0 
1330. 8 
1344.6 
1361. 2 
1359.  3 

Feet. 
1393. 2 
1333.  7 
1345.3 
1303.1 
130:J.  1 

Feet. 
1369. 2 
1334. 9 
1340. 5 
1357.  5 
1363.2 

Pounds. 

2 

3 
4 
5 

28.  OOO 

27,  000 

28,  200 

Meau 

1355.  3 

1359. 6 

1353.0 

27,733 

Extreme  variation  . 

50.2 

50.5 

34 

Mean  variation 

7 

8 

6 

IMstaucH  between  tarjjetn  for  Le  Bouleng6:  98  fot*t.  Distauco  betww.n  targetH  for  elcctiti-balUstic: 
97  feet.    Distance  l>etween  taigets  for  thread  velocinieter :  100  feet.    By  wliom  taken :  K.  T.  Hare. 

Second  series  of  experiments. 

Four  kinds  of  powder  were  procured  from  the  Hazard  Powder  Com- 
pany for  this  series  of  experiments,  namely : 
1."  F.  G.,  duck  size  ("  Sea  shooting  duck"). 

2.  IT.  S.  Government  musket. 

3.  Mortar. 

4.  Kavy  cannon. 

The  tests,  as  before,  were  made  by  Mr.  Hare.  They  arc  giv^en  serially 
below. 

The  coarser  grained  powders  were  slightly  compressed  in  putting  up 
the  metallic  cartridges,  which  somewhat  aftected  the  resulting  velocities 
and  pressures. 
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No.  1. 

Record  of  initial  velocities, 

yStMlbtm :  Xational  Annory,  Springfield,  Maas.    Bate :  April  30, 1878.    Kind  of  arm :  Springfield  rifle 
Aoanmition :  Prepared,     wekrht  of  powder:  70  grains.    Kind  of  powder:  Hazard  aample,  marked 
:F.  6^  Dack  Size.*    l^eight  of  ball :  405  grains.    Object  of  experiment :  To  test  velocity,  preaauro* 
—  ',  apedfic  graTity  of  powder.    Specific  gravity :  1.7^263.  ] 


lir umber  of  shot. 

Le  Bouleng6. 

Mectro-balliBtic. 

Thread  velocimeter. 

Pressnres  per 
square  inch. 

1 
2 
3 

4 

Feet. 
1325. 9 
13iai 
1335. 7 
1335.7 
1335.7 

Feet 
1322. 4 
1316.7 
J333.7 
1339. 4 
1339.4 

Feet. 

1323.7 
1318. 3 
1334.  9 
1334.9 
1329. 3 

Pounds, 
31,000 
28,000 
25,700 

3 

Ifao 

1330.2 

1330.  3 

1328.2 

28,233 

KxQvDK*  ^ariAtion  - 

17.  6                               22. 7 

16.6 

V^m  variation  .... 

3.2 

4.3 

2.8 

*  Sometimes  called  "Sea  Shooting  Duck." 

IHetaac<»  between  targets  for  Le  Boulenj:6:  98  feet.    Distance  between  targets  for  electro-1>allistic: 
Vl  fttL   I>i»tance  between  targets  for  thread  velocimeter:  100  feet.    By  whom  taken :  B.  T.  Hare. 


No.  2. 
Record  of  initial  velocities. 

tStuiaD:  National  Armory,  Snringfield,  Mass.  Date:  April  30,  1878.  Kind  of  arm:  Springfield  rifle 
Asanioitioii :  Prenared.  Weight  of  powder :  70  grains.  Kind  of  powder :  Hazard's  sample,  marked 
Mwkct  Powder.  Weight  of  ball :  405  grains.  Object  of  experiment :  To  test  velocity,  pressure,  and 
^«ctfic  gravity  of  i)owder.    Specific  gravity:  1.81132.] 


STmber  of  shot. 

Le  Bonleng6. 

Electro-ballistic. 

Thread  velocimeter. 

Pressures  per 
square  inch. 

1 
2 
3 

4 

Feet. 
1354. 4 
1353. 4 
1387. 1 
1356.3 
1357. 3 

Feet. 
1351.2 
1351.  2 
1375.  1 
1363. 1 
1357. 1 

Feet. 
1375.0 
1346.1 
1375. 0 
1363. 3 
1351.7 

Pounds. 
33,900 
33,900 
33,900 

5 

HfM > 

1357.7 

1359. 5 

1362.2 

33,900 

Zitrone  variation  . 

13.7 

23.9 

28.9 

Ifeas  rariatiAii 

3 

3.8 

5.3 

^Kttaaee  between  targets  for  Le  Bonleng6 :  98  feet.    Distance  between  targets  for  electro-ballistic 
97 fact   Distance  between  targets  for  thread  velocimeter:  100  feet.'   By  whom  taken :  K.  T.  Hare. 
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No.  3. 
Record  of  initial  velocities, 

[Station:  National  Armory,  Springflelcl,  Mass.  Dat«:  April  30,  1878.  Kind  of  arm:  Sprin^fieia  Tif\f 
Ammanition:  Prepared.  Weignt  of  powder :  70  grains.  Kind  of  powder :  Hazard's  sample,  marked 
Mortar  Powder.  Weight  of  bwl :  405  grains.  Object  of  experiment :  To  test  velocitj'-,  pressare,  and 
8i>ecifie  gravity  of  powder.    Specific  gravity :  1.91202.] 


Xnmber  of  shot. 

Le  Boulcng^. 

Electro-ballistic. 

Thread  velocimeter. 

Preft«nre«  per 
square  ixieli. 

1 
2 
3 
4 

Feet. 
1300.5 
1307. 0 
1289.7 
1313. 2 
1297.5 

Feet. 
1300.3 
1311. 1 
1294.8 
1322. 4 
1300. 3 

Feet. 
1296.9 
1313. 0 
1286.5 
1307. 6 
1307.6 

Pounds. 

24,5(H> 
25,000 
25,000 

5 

Mean 

1301. 5 

1305. 7 

1302.3 

25,000 

Extreme  variation . 

23.5 

27.6 

26.5 

Mean  variation 

3.4 

4.5 

4.2 

Distance  between  targets  for  Le  Bon1eng6:  98  feet.    Distance  between  targets  for  electro-l>all  in  tic 
87  feet.    Distance  between  targets  for  thread  velocimeter:  100  feet.    By  whom  taken :  R.  T.  Hare. 


No.  4. 


Record  of  initial  velocitiee, 

[Station:  National  Armory,  Springfield,  Mass.  Date:  April  30,  1878.  Kind  of  arm:  Springfield  riflr. 
Ammanition :  Prepared.  Avoight  of  powder :  70  grains.  Kind  of  powder :  Hazard's  sample,  markod 
Navv  Cannon.  Weight  of  ball :  405  grains.  Object  of  experiment :  To  test  velocity,  pressare,  aud 
specific  gravity  of  powder.    Specific  gravity:  1.77061.] 


Number  of  shot 

Le  Bonleng6. 

Electro-ballistic. 

Thread  velocimeter. 

Pressures  per 
square  inch. 

1 
2 
3 
4 
5 

Feet. 

1359. 3 
1328. 9 

1350. 4 
1329. 9 
1350.5 

Feet. 
1357. 1 
L-WS.  7 
1363. 1 
1339.  4 
1322.4 

Feet. 
1351. 7 
1334. 9 
1340.5 
1323.  7 
1318.  3 

Pound*. 

28.  500 

29.  .500 
27.500 

Mean  ..tt-^ 

1343.8 

1343.1 

1333.8 

28,500 

Extreme  variation . 

30.4 

40.7 

33.4 

Mean  variation  — 

6.7 

6.8 

5.1 

Distance  between  targets  for  Le  Boulengfi:  98  feet.    Distance  l>etween  targets  forelectro-balUatic. 
97  feet.    Distauco  between  targets  for  thiTud  velocimeter:  100  feet.    By  whom  taken :  R.  T.  Hai'e. 

II.  Cartridge  bags. 
(Plate  XXVIII,  Figs.  1,  2.) 

The  cartridge  bags  are  made  of  twilled  serge,  or  some  other  woolen 
material. 

The  texture  should  be  close  enough  to  prevent  the  powder  fipom  sifting 
through. 

Each  bag  is  made  of  two  pieces,  identical  in  size  and  shape ;  one  end 
of  each  haK'-bag  is  semicircular.  The  half-bags  are  cut  out  by  means  of 
sheet-iron  or  tin  patterns.  Marks  for  the  seams  are  traced  out  by  the 
cutter. 


J 


REPORT  OP  THE  CHIEF  OP  ORDNANCE.         249 

The  seams  are  half  an  inch  fix)in  the  edge.  After  sewing,  the  edges 
are  tnmed  down  on  the  same  side  of  the  seam  and  basted,  to  keep  the 
I>owder  from  escaping  through  the  seam. 

Two  sizes  of  bags  are  used. 

I>im^mons  (of  half  cartridge  hag  J. 
For  3''  gun  (Fig.  1.) 

Inches.    Centimeters. 

LenjTtb ; 7.5  19.05 

Width 4.5  11.43 

For  2''  and  2".5  guns  (Fig.  2.) 

Inches.    Ceutiniet^rs. 

Lenjrtli 7.0  17.78 

VTidih 3.8  9.65 

Shorter  cartridge  bags  may  be  used  for  practice  with  small  charges. 


CHAPTER    V. 

SABOTS,  FRICTION  PRIMERS,  AND  EMPLEMENTS. 

I.  Sabots. 
(Plate  XXIX.) 

1.  Three-inch  sabots,  wood.  These  were  circular  disks  of  dry  pine. 
Two  thicknesses  were  made,  0'^75  and  (y^5.     (Figs.  1-4.) 

2.  Three-inch  sabots,  Cordes.  This  sabot  is  3"  in  diameter  and  0''.55 
thick.  It  has  a  disk  of  iron  placed  between  two  disks  of  sole  leather, 
the  whole  held  together  by  a  copper  rivet.    (Figs.  5,  6.) 

3.  Two-inch  salK)ts.  Two  kinds  of  sabots  of  this  diameter  were  made ; 
one  was  a  plain  wooden  sabot  and  the  other  a  Cordes  sabot,  similar  to 
those  above  described.    (See  Figs.  7-10.) 

4.  Wads.  In  firing  nfle  projectiles  and  when  using  smooth-bore 
Iiwjectiles  with  the  rifled  mortar,  wads  of  paper  (newspapers)  were  used 
without  any  previous  preparation. 

II.  Friction  primers,  etc. 

Three  kinds  of  primers  were  used  during  the  experiments,  namely : 
L  Service  friction  primer,  short. 
2.  Service  friction  iirimer,  long. 
3b  Electric  primers. 

III.  PRiMiNa  wire. 
(Plate  XXVin,  Fig.  3.) 

Ihis  implement  is  made  of  brass  or  steel  wire  0'M5  in  diameter  and  is 
7".7  in  length.  •  One  end  is  pointed  and  the  other  is  formed  into  a  ring 
2"JJ5  in  diameter. 

*  Length  9'*.7  in  figure,  but  it  has  been  found  to  be  too  long  ibr  convenience. 
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IV.  Sponge  and  rammer. 
(Plate  lU,  Fig.  6.) 

This  is  a  staff  of  ash  or  elm  30"  long.  The  rammer  head  is  cylindrical, 
4"  long  and  1".75  in  diameter.  The  end  for  the  sponge  is  also  cylindri- 
cal, and  is  5''  in  length  with  a  diameter  of  1".5.  The  shaft  between  tlie 
heads  is  turned  down  to  a  diameter  of  1".25. 

The  sponge-head  is  made  of  coarse,  well- twisted  woolen  yarn  woven 
into  a  kind  of  webbed  cloth,  or  of  sheepskin  with  the  wool  on. 

The  thickness  of  the  sponge-head  may  be  so  regulated  that  the  same 
rammer  may  be  used  for  the  2"  and  2".5  gims. 

V.  Powder  ivieasuees. 

These  are  made  of  sheet-copper.  Two  sizes  are  made,  one  holdiii^LT 
one  ounce  (avou*dui>ois)  of  powder  (size  of  Navy  cannon),  and  the  other 
two  oimces. 

YL  Lanyard. 

This  is  made  of  strong  cod-line  or  of  Nos.  3  J,  4,  or  4J  Silver  Lake  Com- 
pany's braided  linen  line.  A  small  hook  of  iron  wire  with  an  eye  for  the 
line  is  attached  to  one  end  of  the  lanyard,  and  to  the  other  end  a  wooden 
toggle,  4/'  long  and  0".75  in  diameter.  The  lanyard  should  be  30  feet 
long.    It  is  used  for  pulling  off  the  friction  primers. 

VIL  Combination  level. 

(Plate  XXVIII,  Fig.  4.) 

This  is  a  foot-rule  made  of  boxwood  and  bound  with  brass.  It  is  a 
combiimtion  rule,  level,  and  octant.  A  steel  arm  which  closes  like  a 
knife  blade  is  graduated  into  degrees  from  0^  to  4oO.  Half  degrees  may 
be  estimated.  It  is  used  for  obtaining  elevations  of  guns  and  mortars 
when  the  chase  or  exterior  near  the  muzzle  in  cylindrical.  In  the  figure 
it  is  showni  in  i)osition  for  an  elevation  of  30^. 

VIII.  Gunner's  haversack. 
(Plate  XXX.) 

Tliis  haversack  is  intended  to  be  used  for  carrNing  cartridges,  friction - 
primers,  lanyaixl,  priming  wire,  and  the  combination  level.  It  is  made 
of  black  britUe-leather,  except  the  pocket  for  the  friction-primers,  which 
is  made  of  black  grain  leather. 

The  back,  bottom,  fi*ont,  and  flap  are  cut  in  one  piece.  The  ends  are 
lined  with  leather  to  give  them  the  requisite  stiffness.  On  the  inside  of 
one  end  is  a  pocket  for  the  combination  level. 

The  inside  flap  has  small  pads  sewed  to  the  ends  of  the  upper  part  to 
screen  the  inside  of  the  haversacjk  from  the  effects  of  a  driving  rain. 
Two  loops  are  sewed  or  riveted  to  the  back  for  the  reception  of  the  waist- 
belt.  A  tongue  or  "  billet"  fastens  the  outside  flap  to  a  brass  button  on 
the  bottom.  Sheaths  for  the  priming-wire  are  sewed  to  each  comer  at 
the  back  of  the  haversack.  A  waist-belt  and  buckle  completes  the  equip- 
ment.   (For  dimensions,  &c.,  see  plate.) 
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yomenelature, 
(Plate  XXX.) 

Fig.    1.  Flap,  back,  bottom,  and  front,  one  piece. 

Fig.    2.  Inside  flap. 

Fig.    3,  a.  b.  Pads  on  inside  flap  near  top ;  should  be  same  size. 

Figs.    4,  5.  Ends;  lined. 

Fig.    6.  Pocket  in  front. 

Fig.    7.  Pocket  for  level. 

Fig.    8.  Jjining  for  bottom. 

Fig.    9.  Sheath  for  i)riming-wire;  one  at  each  end. 

Fig.  10.  Tongue  or  billet. 

Fig.  11.  IxK)i)s  for  waist-belt ;  two. 

Fig.  12.  AVaist-belt  and  buckle. 

Fig.  13.  View  of  haversack,  complete. 

Note. — ^If  made  for  the  service,  the  haversack  will  be  made  of  russet 
leather. 


CHAPTER   VI. 

SHOT-LINES. 

These  lines  are  intended  to  be  used  in  connection  with  a  gun  or  mor- 
tar and  a  projectile,  to  effect  communication  between  the  shore  and 
stranded  vessel,  or,  in  exceptional  cases,  between  vessels  at  sea. 

They  shoiUd  be  made  of  the  very  best  materials. 

The  English  method  of  faking  has  been  adopted  in  laying  uj)  these 
lines  for  firing. 

Kockets  may  be  used  instead  of  a  gun  and  projectile  for  carrying  the 
line. 

The  lines  use<l  in  each  series  of  experiments  are  given  sepai'ately. 

Section  I. — Lines  used  in  first  series. 

The  cords  or  lines  used  in  the  first  series  of  experiments  were  made 
expressly  for  the  United  States  life-saWng  service. 

The  materials  used  were  stated  to  be  the  best  linen  and  Italian  hemp 
thrpjHl.  Tlie  cords  are  braided  instead  of  being  tmsted,  and  each  cord 
is  made  in  one  continuous  piece.  The  first  foiu*  lines  were  sent  to  the 
^TOer  by  Capt.  J.  H.  Merryman,  United  States  Kevenue  Marine,  inspec- 
tor of  the  life-saving  scr\ice.  These  four  lines  are  numbered  serially 
for  reference;  the  linen  and  hemp  lines  having  a  separate  set  of  num- 
1^  The  manufaeturei''s  numerical  notation,  when  given,  indicates  the 
diameter  of  the  line  exjiressed  in  32ds  of  an  inch.  Thus,  when  a  line  is 
dfeagnated  as  "  No.  7,''  a  line  /^ds  of  an  inch  in  diameter  is  meant.  The 
linen  shot-lines  had  invariably  a  smooth  finish  j  the  hemp  lines  appeared 
to  be  less  smooth  upon  the  exterior. 

1.  Linen  line  No.  1. 

Hannfacturer  unknown,  probably  Silver  Lake  Company,  of  iTewton- 
TJIle,  Mass. 
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Maker's  uiimber  not  given,  probably  Xo.  7. 

Theoretical  diameter 0.21875  incb. 

Measured  diameter 0.22       inch. 

Length 600  yanls. 

Weight  of  line 34  pounds*. 

Weight  of  faking-box,  A  1 37  pounds^ 

Weight  of  faking-box  and  lino 71  pound  j^. 

2.  Linen  line  Xo.  2. 

Manufacturer  unknown,  probably  Silver  Lake  Company. 
Maker's  number,  Xo.  7. 

Theoretical  diameter 0. 21875  inch. 

Measured  diameter 0. 22       inch. 

Length 600  yanls. 

Weight  of  line 33  i)ouutL«*. 

Weight  of  faking-box,  A  2 36.5         iKuimls. 

Weight  of  faking-box  and  line 69. 5         pounds. 

3.  ItuUan  heinp  line  Ko,  1. 

Manufacturer  unknown,  probably  Silver  Lake  Company. 
Maker's  number  not  given,  probably  Xo.  4J. 

Theoretical  diameter 0. 125  inch. 

Measured  diameter 0. 13    inch. 

Length 700         yards. 

AVeight  of  line 16  pounds. 

Weight  of  faking-box,  Bl 24  i>onn(l.s. 

Weight  of  faking-box  and  line 40         i>omuls. 

4.  Italian  hemp  line  No,  2. 

^ranufacturer  unknown,  probably  Silver  Lake  Company. 
Maker's  number  not  given,  probably  Xo.  4J. 

Theoretical  diameter 0. 125  inch. 

Measured  diameter 0. 13    incli. 

Length 700         yards. 

Weight  of  Unc 13. 5      pounds. 

AVeight  of  faking-box,  B  2 24  pounds. 

Weight  of  faking-box  and  line 37. 5     pounds. 

5.  Linen  line  Ko,  3. 

This  small  line  was  made  especially  for  trial  with  a  light  gun  to  ascer- 
tain the  maximum  range  that  could  be  obtained  without  breaking  tlie 
line,  and  also  to  learn  if  so  small  a  line  would  stand  the  shock  of  dis- 
charge. It  was  made  of  bleached  linen  thread  under  the  dii*ection  of 
Mr.  H.  W,  Wellington,  the  agent  and  manager  of  the  Silver  Lake  Com- 
pany, of  Kewtonville,  Mass.  It  is  what  rope-makers  term  Mrdlaid^ 
that  is,  it  is  made  very  hard  and  compaet  in  braitUng  and  finishing.  It 
was  made  in  a  single  piece. 

Dimensions^  cC'C. 

Maker^s  number No.  3| 

Theoretical  diameter 0. 109375  inch. 

Measured  diameter 0. 1  inch. 

Length 800  yards. 

Weight  of  line 7.625       pounds. 

Weight  of  faking-box,  B 24  pounds. 

Weight  of  faking-box  and  line 31.6525       pounds. 
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6.  Time  required  for  faking  the  different  Bhot-Unes. 


Date,  1877. 


Moath.       Day. 


October. 


-\ 


'Norember 


12 

12 

17 
17 
25 
25 

4 
4 
4 

4 
22 

22 

27 

27 
27 


I 


Sbot'line. 


Kind. 


Linen,  Na  1. 

Hemp,  Xo.l. 

HemptXal. 
Hemp,Na2. 
Hemp,  No.  2. 
Linen,  Na  2. 
HempfNal. 
Hemp,N'a2. 
Linen,  'So,  1. 

Linen,  1^0.2. 
Iiineu^  Na  1. 

Linen,  Na  3. 

Linen,  No.  3. 

H«mp,Na2. 
Linen,  Na2. 


Bemarkn. 


700 

28 

B 

700 

28 

B 

700 

40 

B 

600 

21 

A 

700 

28 

B 

700 

27 

B 

600 

24 

A 

600 

22 

A 

600 

20 

A 

800 

40 

B 

750 

28 

B 

700 

17 

B 

600 

22 

A 

line  in  ooils  taken  np  by  winding  around  hand 

and  elbow  after  firing. 
Line  in  coila  taken  np  by  winding  aronnd  hand 

and  elbow  after  firing. 
Line  in  box;  not  carriMl  out  by  shot. 
Line  in  box;  not  carried  out  by  shot. 
Line  on  reel;  assistant  absent  ten  minutes. 
Line  on  reel. 

Line  in  coils;  wound  up  on  arm. 
Line  in  coils;  wound  up  on  arm. 
Line  in  ooils;  wound  up  on  arm;  piece  broken 

off  line. 
Line  in  coils ;  wound  up  on  arm. 
Line  in  coils;  wound  up  on  arm;  piece  broken 

off  line. 
Line  in  coil  as  received  fh)m  maker;  interrupted 

by  snarls. 
Line  in  coils;  wound  on  arm;  fifty  yards  broken 

off. 
Line  on  reel. 
Liue  on  reel. 


K«yn. — ^The  writer  did  the  faking  in  each  instance.  An  assistant  was  requiriMl  to  presA  down  the 
Ivm^  on  the  side  of  the  fatox  opposite  to  the  faker,  while  a  helper  paid  the  liue  out  of  the  coils  or  firom 
tW  rei:L — D.  A.  L. 


Section  II.  Lines  used  in  second  series  of  experiments. 

1.  Experimental  shot-lines. 

The  braided  shot-lines  used  in  the  second  series  of  experiments  were 
inamifactured  by  the  Silver  Lake  Company,  of  Newtonville,  Mass. 

The  lines  having  the  " ordinary  finish"  were  procured  by  the  Treas- 
ury Department,  while  those  having  the  "  water-proof  finish  ^  were  ftir- 
iiuhed,  free  of  expense  to  the  government,  by  Mr.  H.  W.  Wellington,  of 
the  firm  of  Wellington  Bros.,  of  Boston,  Mass.,  who  requested  that  they 
be  tried  at  the  same  time  with  the  other  lines  for  the  purpose  of  deter- 
nimjng  their  relative  merits. 

The  braiding  of  these  linens  is  done  by  an  ingenious  machine,  the  in- 
vention of  the  late  James  Amiraux  Bazin,  of  Canton,  Norfolk  County, 
Hass. 

Bderring  to  this  process  of  making  lines  or  ropes,  the  inventor  states : 

In  the  HBTial  method  of  makinir  ropes  it  is  necessary  to  give  the  yams  a  mnch  harder 
twist  than  wonld  be  essential  for  binding  the  separate  fibers  together  in  order  to  com- 
pensate for  irhat  is  taken  out  bv  the  countertwist  of  the  strand,  thereby  making  it 
mmwary,  in  laying  these  strands  up  into  a  rope,  to  give  them  a  mnch  narder  twist 
than  would  otherwise  be  required,  as  it  is  the  tendency  of  each  strand  to  untwist  that 
keeps  them  aU  firmly  bound  together ;  a  hanl-twisted  rope  necessarily  requiring  an 
eooaUy  hard  twist  in  the  strands,  and  thereby  causing  a  constant  strain  upon  all  the 
fibers  of  which  it  is  composed. 

Bat  where  a  soft  and  pliable  rope  is  required,  as  the  twist  in  the  strands  must  be 
vRmortionally  reduced,  tne  strands  will  be  liable  to  be  thrown  out  of  place  and  into 
auks  by  careless  usage. 

To  obviate  this,  roi>es  are  sometimes  made  by  braiding,  which,  though  it  prevents 
the  strands  from  being  tlirown  out  of  place,  is  still  more  objectionable,  as  the  strands 
hi  this  case  run  around  spirally  in  contrary  directions,  and  consequently  a  slight 
twisting  of  the  rope  either  way  will  throw  aU  the  strain  upon  one-ha^  the  number  of 
strands. 

To  overcome  the  above-mentioned  difficulties  is  the  object  of  my  invention,  which 
cousists  in  combining  the  strands  of  any  fibrous  material  by  an  interlocking  twist,  in 
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which  the  strands  all  take  the  same  spiral  fomi  that  they  would  have  in  a  twiste<l 
rope  of  ordinary  manufacture,  and  yet  nold  each  other  in  place  more  effectually  tlis&Q 
can  he  done  by  braiding ;  this  interlocking  twist  being  formed  by  succesnively  ]>aasin^ 
each  strand  around  two  others,  so  that  each  of  the  two  so  entwined  shall,  in  its  turn, 
entwine  two  others ;  and  as  the  strands  all  maintain  the  same  spiral  form  irrespective 
of  the  twist  in  each,  there  can  be  no  unnecessary  strain  upon  the  iibers  of  which  th<* y 
are  composed,  while,  under  all  circumstances,  each  strand  will  bear  an  equal  amount 
of  strain  with  all  the  others,  and  cannot  possibly  kink  or  become  misplaced. 

And  my  invention  also  consists  in  a  new  macliine  for  forming  the  above-describe<l 
interlocking  twist,  in  which  the  spools  that  carry  the  strands  are  so  actuated  that  t^-** 
of  the  strands  are  held  stationary  wliile  another  is  pa^^ing  around  them,  thereby  inter- 
locking the  strands  as  above  described ;  and  my  invention  furthennore  consists  in  so 
arranging  the  mechanism  as  to  pennit  of  its  being  operate4l  in  either  direction,  as  msiy 
be  desired,  according  to  the  twist  in  the  yarns  of  which  the  strands  are  comiwseil. 

The  spool-carriers  are  always  made  to  revolve  in  the  same  direction 
as  the  twist  of  the  strands. 

The  inventor  does  not  limit  himself  to  any  particular  number  of  spools, 
provided  only  that  the  number  shall  be  a  multiple  of  three. 

The  number  of  "  travelers^  or  spool-carriers  employed  in  the  machines 
for  braiding  the  experimental  Unes  for  the  United  States  Life-Sa\'inj^ 
Service  were  nine  and  ticelvey  depending  upon  the  size  of  the  lines. 

2.  Materiah. 

Linen  and  Italian  hemp  threads  were  used  in  the  fabrication  of  the 
experimental  lines. 

The  linen  yams  were  all  furnished  by  the  Smith  &  Dove  Manufactur- 
ing Company,  of  Andover,  Mass.^  and  the  Italian  hemp  yarns  by  the 
Boston  Flax  Mills. 

In  the  process  of  braiding,  a  core  of  the  same  material  is  sometimes 
inserted. 

The  lines  made. on  the  twelve  "  traveler^  machines  are  a  little  firmer, 
and  the  strands  come  to  their  places  better  with  a  core;  but  this  is  not 
indispensably,  and,  unless  the  yam  is  harsh,  the  core  is  often  omitted. 

3.  finishing. 

1.  "  Ordinary  finish." 

The  lines  are  finished  by  being  drawn  rapidly  twice  through  wheat- 
starch. 

The  extra  starch  is  wiped  from  the  line  by  passing  it  through  a  i>iece 
of  India  rubber.  It  is  then  passed  through  a  closely-fitting  steel  die,  two 
inches  in  length.  After  drying  a  few  moments,  the  cord  is  passeil  twice 
through  another  steel  die,  slightly  smaller  than  the  first.  The  latter 
operation  gives  the  cord  a  polish  and  smooths  the  exterior. 

2.  "Water-i)roof  finish.'' 

The  <^  water-proofed"  lines  are  passed  slowly  through  a  hot  mixture 
of  Unseed-on,  bees- wax,  and  parafilue  before  receiving  the  usual  finish. 

The  writer  is  indebted  to  Mr.  James  Tolmau,  of  Boston,  for  the  alxrve 
details,  as  well  as  the  following  tabular  statement  in  regard  to  the  manu- 
facture of  braided  lines: 
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4.  Maieriahy  fc.,  used  in  the  manufacture  of  ahot-Unes  from  Wellington  Bros,  j-  Co.j  agents 

for  Silver  Lake  Company, 


t-    ! 


Material. 


4 

« 

t 

4 
« 

ff 

» 

4 


do. 


do 

do 

do 

do 

do 

do 

do 

Italian  hfcmp 

do 

do 

do 

do 

do 

do 

do 

do 

Dtfk  linen.., 


Color. 


BleAched — 

...do 

...do 

...do 

Unbleached. 

...do 

...do 

do 

...do 

Natural 

...do 


...do 

...do 

...do 

...do 

...do 

...do 

...do 

Unbleached. 


IS  a 

*•  a 


Yam. 


AndoTer,  3  cord,  No.  16 

Andovcr,  5  conl,  No.  16 

Andover,  5  cord,  No.  10 

do 

Andover  nail  twine,  3ply,  2enda. 

Andover  sail  twiue,  7  ply 

Andover  sail  twine,  3ply,  SeniU. 
Audover sail  twiue,  3  ply,  4  ends. 
Andover  sail  twiue,  3  ply,  3  ends . 
"Wet  spun,  6  cord 


Wet  Hpun,  6  conl,  2  ply . . . 
Dry  spun,  6  cord,  3  ply. . . . 
Dry  spun,  6  cord,  4  ply. . . . 

Dry  spun,  6  cord,  5  ply 

Dry  spun,  6  cord,  6  ply. . . . 

Dry  spun,  6  conl,  7  ply 

Diy  spnUf  6  cord,  8  ply. . . . 
Dry  spun,  6  cord,  10  ply. . . 
Andover,  3  ply,  sail  twine. 


'=  2 

■•s^ 

1  ** 

<  u  a    • 

liJ  = 

F« 

■^  -^^    r» 

■♦J 

u 

!s  a-r 

a 

^  •r^    ■^ 

c 

5^ 

^ 

Yds. 

0 

700 

g 

700 

9 

700 

12 

700 

12 

600 

12 

600 

12 

600 

12 

600 

12 

600 

9 

700 

0 

700 

9 

700 

12 

700 

12 

600 

12 

600 

12 

600 

12 

600 

12 

600 

9 

700 

b£ 


Lbs. 

7. 

12.5 
13. 
24. 
31.5 
33. 
50.  5 
55.  5 
63.5 

7. 
13. 
15.5 
26. 
31. 
38. 
41.5 
53.5 
64.5 
14.5 


*  The  maker's  number  indicates  the  diameter  of  the  cord  in  thirty-seconds  of  an  inch. 

5.  DimensianSy  tcei{iht8j  tesUj  &c. 

The  following  sets  of  tables  give  all  the  details  in  regard  to  these  lines. 

The  two  tables  forming  each  set  belong  to  the  same  group  of  lines. 
lines  Njos.  8,  9,  and  10  of  each  group  were  not  provided  with  faking- 
boxes,  from  motives  of  economy.  The  breaking  weights  and  ^^  stretch  in 
ik  feet"  are  approximationB  only.  The  former  was  obt£^ned  by  taking 
•eetions  of  each  cord  and  carefully  attaching  them  to  two  anall  grooved 
pdleys  in  such  a  way  as  to  avoid  catting  tiie  cord  at  the  knote.  The 
laigth  of  cord  between  the  knots  was  invariably  six  feet.  One  pulley 
was  hung  from  a  beam,  and  to  a  hook  on  the  other  was  attached  a  large 
bncket.  Lead  weights  were  gradually  placed  in  the  bucket  until  the 
tmA  broke.    The  total  load  was  carefolly  weighed  in  each  instance. 

Very  small  weights  were  used  as  the  load  neared  the  breaking  weight 
<»*  stress. 

The  stretch  or  increase  of  length  of  the  cord  was  obtained  by  a  vertical 
scale  properly  adjusted ;  an  index  or  pointer  attached  to  the  side  of  the 
imlley  on  the  lower  end  of  the  line  assisted  the  observer  in  following  the 
indications  and  taking  the  readings. 

In  other  respects  the  tables  are  self-explanatory. 
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Table  I. 

A. 

Experimental  braided  ekot-Unee  of  Italian  hemp,  made  by  Silver  Lake  Company^  ordinary 


a 


5 
6 
7 
8 
9 
1  10 


Material. 


3^  Itilian  hemp 

4  ; do 

4i do 


do 

Italian  hemp,  sash 

do 

do 

do 

do 


Length. 


Diameter 
meaaured. 


i 

s 


i 

.a 


700 

640.068 

0.095 

700 

640.068 

.125 

700 

640.068 

.145 

700 

640.068 

.190 

600 

548.63 

.215 

600 

548.63 

.235 

600 

54&63 

.265 

600 

54a  63 

.285 

600 

548.63 

.325 

i 

s 

E 


2.413 
8.175 
3.683 
4.826 
5.461 
5.969 
6.731 
7.239 
&255 


Weight 


a 

0 

& 


7.0 
13.0 
15.5 
26.0 
31.0 
38.0 
42.0 
53.0 
64.5 


a  175 
5.896 
7.030 
11.793 
14.061 
17.236 
19. 051 
24.040 
29.257 


Faking-box. 


«3 

H 

00 


B 
B 
C 
A 
A 


Weight. 


I 

0 

P 


19.5 
23.5 
24.0 
33.0 
42.0 
3&5 


6.S43 

10. 

659 

10. 

886 

14. 

9ei 

19. 

0,">1 

10.556 

B. 

Tensile  strength  and  elongation  of  braided  shot-UneSf  made  of  Italian  hemp,  by  Silver  Lake 

Company^  ordinary  finish. 


O 

1 

a 

0 

^*        . 

0 

•^     0 

a- 

0 

0 

Breaking  weight. 


Material. 


Stretch  in  six  feet  of 
line. 


Pounds. 


Kilograms. 


34 
4 

4* 

5 
6 
7 
8 
9 
10 


Italian  hemp 

do 

do 

do 

Italian  hemp,  sash 

do 

do 

do 

do 


Inches. 


MiUime- 
tcra. 


70 

31. 751 

9.0 

228.60 

90 

40.823 

&0 

152.40 

90 

40.823 

7.5 

190.50 

2.52 

114.306 

11.0 

279.39 

300 

13&079 

12.0 

304.79 

350 

158.759 

10.5 

266.70 

467 

211.829 

14.0 

355.59 

5S0 

240.406 

12.0 

304.79 

673 

305.270 

11.5 

292.09 

Table  II. 

A. 

Experimental  ahot-lines,  linen,  braided,  made  by  Silver  Lake  Company,  ordinary  finish. 


m 

1 

1 

a 

*n 

0 

O 

0 

h 

• 

M 

'»  ! 

a 

'S  ' 

0 

.2  ' 

^ 

S  1 

Material 


Length. 


Diameter 
measured. 


Weight. 


Faking-box. 


I 


34'  Bleached  linen 


4 

4J 

5 
6 
7 
8 
9 
10 


..do... 

do 

do 

Unbleached  linen,  sash . 

do 

do 

do 

do 


e 


4 

0 
0 

& 


« 

I 

O 


700 
700 
700 
700 
600 
600 
600 
600 
600 


640.068 

640.068 

640.068 

640.068 

54a  63 

548.63 

548.63 

548.63 

548.63 


1 

0.002 

2.3368 

.127 

3.  226 

.133 

3.378 

.100 

4.004 

.210 

5.334 

.225 

6.715 

.275 

&985 

.283 

7.188 

.322 

&179 

7.0 

12.5 

13.0 

24.0 

33.0 

33.0 

50.5 

55.6 

63.5 

3.175 
5.670 
5.896 
10.886 
14.968 
14.968 
22.906 
25.174 
2&803 


Weight, 


o 

M 

CO 


D 
B 
B 
C 
A 
A 


0 

I 


l&O 
24.0 
28.5 
33.0 
34.0 
35.0 


6.1&4 
10.880 
10.6S9 
14.968 
15. 42*J 
15.  873 
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B. 

Tnmle  tirengik  and  elongation  of  braided  ahot-Hnes,  made  of  linen  thread,  by  Silver  Lake 

Company,  ordinaty  finish. 


Material. 


>^ 


3* 

4 

5 

6 

< 

8 

9 

10 


Bleached  linen 

do 

do 

do 

17nbl<«ched  linen,  MMh 

do 

do 

do 

do 


Breaking  weight. 


Pounds.    Kilograma 


102.0 
160.0 
143.5 
245.0 
323.0 
391.0 
542.0 
683.0 
705.0 


Stretch  in  six  feet  of 
line. 


Inches. 


46.266 

ao 

72.575 

9.0 

65.091 

9.0 

111.  131 

a5 

146.511 

13.0 

177.356 

12.5 

245.849 

14.0 

309.806 

13,0 

360.609 

13.0 

Millime- 
ters. 


152.40 
228.60 
22a  60 
215.90 
330.19 
317. 49 
355.  59 
B30. 19 

:m.  19 


Table  III. 

A. 

Kxpmmemtal  braided  shot-line^  of  Italian  hemp^  made  by  Silver  Lake  Company,  water-proof 

finish. 


Mat4>rial. 


;2 


it 


length.       ;    ?J^firi-    i     Weight. 


« 

s 

t 

Si 

3 

^ 

>i 

^ 

OB 


Faking-box. 


Weight. 


a 

e 
9^ 


« 
I     N 

I    « 


o 


E 


1      31   TtaliAn  heniD 

700 
700  ! 

7oe 

700  : 
600  ! 
600 
600 
600  ' 
600 
1 

640.068 
640.068 
640.068 
640.068 
54a  63 
548.63 
548.63 
54a  63 
54a  63 

0.100 
.120 
.140 
.200 
.210 
.225 
.274 
.295 
.320 

2.540 
3.048 
3.556 
5.080 
5.334 
5. 715 

a  m:* 

7. 493 
a  128 

ao 

14.0 
14.5 
27.5 
27.0 
37.5 
42.0 
53.0 
55.5 

3.628 
a  350 
a  577 
12.  473 
12. 247 
17.009 
19.  051 
24.040 
25.174 

D 
U 
B 
C 
A 
A 

lao 

23.0 
24.5 
32.0 
3&0 
35.5 

8.104 

1      4               do 

10.432 

1      44             do 

11.113 

1     5              do 

14.  515 

1     «    Italian  hemp,  sash 

1      t               do .............. 

ia329 
16. 102 

1     1*         . .  do 

1     9             do 

1    IB             do 

B. 


Teuik  strength  and  elongation  of  braided  shot'lines,  made  of  Italian  hemp,  by  Silver  Lake 

Company,  water-proof  finish. 


a 
**  .     s 

z      •* 

s        « 

>5        S 


Material. 


3|     Italian  hemp 

4     do 

4}    do 

5 

6 


8 
10 


do 

Italian  hemp,  sash 
do 


do 
do 
do 


Breaking  weight. 

Stretch  in  six  feet  of 
line. 

Pounds. 

Kilograms. 

Inches. 

Millime- 
tci-8. 

60 

27.215 

5.0 

127.00 

110 

49.896 

5.0 

127.  00 

157 

71.  215 

ao 

152. 40 

232 

105. 688 

ao 

l.Vi.  40 

258 

117. 028 

7.0 

177.80 

320 

145. 151 

ao 

203.  20 

434 

19a  861 

a  5 

215.90 

476 

215.  912 

11.0 

279.  39 

600 

272.158 

10.0 

2.">4.  00 

17  0RD 
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Table  IV. 

A. 
Espcvimental  braided  linen  ffhot-Ur.aiy  made  by  Silver  Lake  Company^  \caier-proof  finiMh , 


1 

• 

C 

S 
c 

• 

1 

34 
4 

44 

5 

6 

m 
1 

8 

9 

10 

Material. 

Length. 

Diameter. 
nieaHured. 

Weight. 

Faking-box. 

a 

• 

« 
1 

t 

• 
to 

1 

s 

1 

1 

« 

s 
a 

& 

8.0 
14.5 
15.5 
24.0 
31.  5 
33.5 
.51.0 

:a.o 

70.0 

1 

* 
N 

P 

B 
» 
C 
A 

A 

Weij:lit. 

o 

• 

a 
O 

•£ 

i2 

Liuei).  bleached 

700 
700 
700 
700 
600 
600 
600 
600 
600 

640.068 
040.068 
640.  m>8 
640.068 
548.63 
548.  63 
548.63 
548.  6:{ 
548.63 

1 
0. 100       2.  540 
.122  1     3.094 

3.628 

6.  577 

7.  030 
10.  8W1 
U.  288 
15. 19.1 
2:}.  133 
24.494 
31. 751 

18.5 

>*   391 

do 

24. 
24. 
31.5 
36.  5 
35.5 

lO.  KHfi 

do 

.139 
.175 
.  22,-| 
.  225 

.280 

3.  530 
4.445 
5.  715 
5. 715 
1    7.112 

]0    K**^ 

do 

14   1'^ 

'  Unbleaehed  linen,  sash  . . 

do 

do 

H>.  .Vnj 
16.  ItfJ 

do 

.  285       7.  239 
.335  1     8.i)U9 

I 

; do 

1 

1 ■ 

B. 

TeHftilc  strength  and  elongation  of  braided  tdiot'linen,  made  of  linen  thread  by  Silver  Lakt 

Compa ny,  water-proof  Jin i«h . 


11 

*     t 

U.5 

s 

^ 

3 

jrt 

w^ 

<!^ 

<i 

H 

4 

H 

5 

6 

7 

8 

9 

10 

i-    I 


Material. 


34     Linen,  bleached 


.do 
do 
do 


Unbleached  linen,  naMh 

do 

do 

do 

do 


Breaking  weiglit. 

Stretch  in  six  feet  of 
line. 

i 
Pounds. 

KilogramB. 

Inches. 

Hillinie- 

tera. 

91 

41.  277 

5. 

127.  M 

137 

62. 142 

a 

203.  36 

145 

6.5.  771 

7.5 

lfK).3e 

2ri8 

121.  56:j 

7.5 

15K).  tO 

337 

152.  862 

12. 

3»4.  "rs 

410 

18,5.  974 

12. 

'MH.  T» 

480 

217.726 

11. 

279. » 

024 

273.  044 

13. 

33(1.  IS 

769 

348.  816 

13. 

330. 15 

Table  V. 
A. 

J'^x})erimental  braided  8hot-Jine»y  unbleached  linen  thready  made  by  Silrer  lAike  Company. 


• 

X 

u 

& 

X 

s 

«*> 

^ 

.* 

** 

u 

« 

c 

•M 

«» 

mm 
mm 

^ 

a 

y. 

t^ 

Mat^rLil. 


1       4     rnbleurhed  linen 

1       4     I'nbleached  linen,  W.  1*. 


Longth.        I    ,„,.j,^„„.a. 


5c 

mm 
•mf 


e 


Weight. 


S 
c 


es 
& 


I 


640.  0(W    0.127  '     3.226  i  14.5  \     6.  .'.77 
640.  06h   0. 125       3. 175  ■  16.  5  '     7. 484 

I 


Faking-box. 

Weight. 

1                  - 

1     «            I 

^5     1       ^ 

S      1         il 

.2         5 

*^ 

1         U 

'JL 

B    '  23.  5  '     10  »r^» 

B 

25.  0 

11.. H' 

XoTK. — These  line.s  are  invoiced  as  'Dark  lini-n.'' 
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B. 

TemiU  gtnngth  and  elongaHon  of  braided  shot-lines^  made  of  unbleached  linen  thread  by  the 

Silver  Lake  Campany.  - 


li  U 

Material. 

Breaking  weight. 

Stretch  in  six  feet 
of  line. 

Remarks. 

Ponnds. 

Kilograms. 

Inches. 

Millime- 
ters. 

1       4 

I       4 

rnbleachod  linen 

rnWeacheil  linen,  W.  P  . 

172 
145 

78.  018 
65.771 

7. 
9.5 

177.8 
:i41.3 

Ordinary  finish. 
Wftter-proof  finish. 

III.  EEEL  for   SHOT-LINES. 

(Plate  XXXV.) 

ItvasfoniHl  necessary  during  the  experimental  firing  to  have  some 
luethrtd  of  taking  up  the  lines  rapidl}',  and,  at  the  same  time,  one  that 
woaWteep  them  from  becoming  entangled. 

A  light  reel  was  designed  for  this  purpose  which  answered  all  the 
requirements.  This  simple  contrivance  consists  of  a  frame,  reel,  and 
^ninkofwood,  and  of  two  wire  pins. 

Tli«*  frame  is  dovetailed  together,  an<l  has  four  small  D-rings  attached  , 
to  It  by  bits  of  leather.    These  rings  engage  with  the  snap-hooks  of  the 
I'iHTTing-braces.    The  reel  is  composed  of  an  arbor,  carrying  cross-i)iece8 
^it  each  end.    The  arbor  is  retained  in  the  frame  by  the  wii*e  pins. 

A  ^p  of  leather  passes  over  the  extremities  of  the  cross-pieces  at 

f'J^'beud  to  keep  the  radial  arms  from  cat<}hing  in  the  line  when  winding 

It  up. 

Wmeusions  and  details  of  construction  may  be  seen  in  the  drawings. 
*^  «glit  of  reel  complete,  8  pounds. 

lY.  Carrying-braces  for  reel. 
(Plate  XXXVI.) 

ji^  braee.s  were  made  to  cany  the  reel  and  frame. 

^1  «*y  eonsiHt  of  a  waist-belt  and  a  set  of  light  cross-belts  or  braces, 
^'^yji^nap-hooks  for  attaching  the  reel-frame. 

'»^ftI»erator  walks  along,  winding  up  the  line  as  he  i)roceeds^  thus 
th^^'^?*^  the  line  from  injuries  which  would  result  from  dragging  it 

J<!«|rh  the  sand,  over  rocks  and  buslies.     (See  plate  for  details.) 

^W,  1  i)ound. 
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CHAPTER  VII. 

FAKINGBOXES. 

These  boxes  are  designed  for  placing  the  shot-lines  in  position  for 
firing.  The  lines  are  stowed  away  in  the  boxes  in  a  peculiar  manner, 
call^  "  faking."  The  method  is  one  adopted  by  the  English  lor  the 
stowage  of  their  rocket-lines. 

I.  Faking-box  a  (large). 

(Plate  XXXI.)  . 

1.  Description. 

Inches.  Ceutiiu'rs. 

(  Lenrrth 36.0  =91.4'l!« 

Ext^^mal  diineusions <  Width 19.9  =  50.545 

(  Depth 12.75  =  32.3^4 

(Length 34.9  «=88.644 

lut^nial  dimciisious <  Width 18.8  «=  47.751 

^  Depth 12.2  =30.937 

2.   Weight 

Lbs.  Kilo«. 

Average  weight,  empty 35      =  15.87i> 

Average  weight,  with  **  hraided  linen  line,  Silver  Lake  Co.,  No.  6,"  about .  66.5  =  30. 163 
Average  weight,  with  "  braided  linen  line  No.  7  " 68      =  30. 84^) 

3.  Material. 

This  box  is  made  of  well-seasoned  white  pine.  The  faking-pins  air 
made  of  hickory,  and  the  irame  for  these  pins  of  ash. 


4.  Nomenclature  and  dimensions. 

^  Inches.  Ceutiran 

C  Length 36.0  =91.41^ 

1  top MVidth 19.9  =50.545 

f  Thickness 55=   1.397 


(Length 36.0   =91.43!^ 

2  side  pieces,  same  size <  Width  . . . .• 12.2  =:30.93r 

^Thickness 55=   1.397 

(Length 19.9  =50.545 

2  end  pieces,  same  size <  Width 12.2  =  30.93? 

^Thickness 55=   1.397 

C  Length :M.6  =  87.J^2 

1  "false  bottom" <  Width 18.6=47.:J43 

^Thickness 55=  1.397 

Frame  for  falcing-pins. 

CTvength 38.0  =96.519 

2  side  pieces,  same  size <  Width 3.75=  9.556 

<  Thickness 9  =   2.2^6 

(Length 21.0  =53.339 

2  end  pieces,  same  size <  Width 4.2  =  lO.lJft* 

<  Thickness 9  =  2r^ 
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FaJcing-pina. 

Inches.    Centim'rs. 
Total  length 12.4  =31.495 


4^  )Hii8,  same  size. 


i  Leiif^tli 

<  Greatest  dia 
(  LeaHt  diaiiie 


11.5  =29.209 

Body <^  Greatest  diameter 1.0  =  2.540 

diameter 35  =     .889 


V 


Screw         J  Lenprth 9  =  2.286 

*^*^^^^----)  Diameter 7  =   1.778 


C  Length 6.2  =15.748 

•2cleat8forropehandle«,  same  size.  <  Width 2.0  =  5.080 

^Thickness 1.4   =  3.556 

oi,«.  11       ^.^r^r.^r^  JLeiigth 18.0  =45.719 

«  handles,  hemp  rope |  DiaSeter 5   =  1.270 

2  hOv'^ps,  metal,  for  fiasteuiiig.  hox  to  frame. 

5.  Construction, 

Tlie  sides  and  ends  are  dovetailed  together  at  the  comers.  The  top 
is  uailed  to  the  ends  and  sides  with  one-and-a-half-inch  and  six-penny 
tinishing  nails.  The  cleats  carrying  the  rope-handles  are  fastened  to 
the  l>ox,  one  at  each  end,  by  fonr  small  screws. 

The  "  false  bottom  "  has  a  row  of  holes,  1".2  (3.05  centimeters)  in  dia- 
meter, around  the  perimeter.  Along  the  sides  and  ends  the  centers  of 
these  holes  are  situated  1".3  (3.3  centimeters)  from  the  edges.  The 
<li8tance  between  the  centers  of  an}'  two  consecutive  holes  is  2"  (5.08 
centimeters). 

The  sides  and  ends  of  the  frame  for  the  fakhiginns  are  put  together 
Avith  mortises  and  tenons. 

Along  the  sides,  the  centers  of  the  screw-holes  for  the  faking-pins  are 
placefl  2".5  (6.35  ceutimeters)  from  the  outer  edges  ;  the  centers  of  these 
holes  are  3'^  (7.62  centimeters)  from  the  outer  edges  along  the  ends  of  the 
frame. 

The  distance  between  the  centers  of  any  two  consecutive  screw-holes 
is  2"  (5.08  centimeters). 

These  holes  are  bored  and  tapi)ed  to  form  a  coarse-threaded  female 
screw. 

There  are  seventeen  holes  on  each  side  and  seven  at  each  end  of  both 
the  bottom  and  the  frame,  making  forty-eight  holes  in  each. 

The  faking-pins  are  turned  in  a  lathe  from  pieces  of  hickory  of  the 
proi)er  length.  The  body  is  a  fnistum  of  a  cone.  The  upper  end  is 
shghtly  rounded  off.  A  coarse,  cylindrical  screw  is  cut  ui)on  the  lower 
end. 

A  metallic  hasp  which  passes  over  a  button  attached  to  the  end  of  the 
box  is  fastened  to  each  end  of  the  frame,  and  serves  to  hold  the  frame 
and  box  together  in  transportation  and  handling. 

In  the  boxes  usually  miule  for  the  United  States  Life-SaAing  Service, 
an  iron  staple  takes  the  plaee  of  the  ha^sp,  and  a  stai)le  and  hook  of  the 
same  material  supplants  the  button ;  but  they  form  a  very  insecure 
fastening.  In  handling  the  boxes  the  hooks  are  apt  to  become  dis- 
engaged and  let  the  frame  and  line  fall,  thus  increasing  the  chances  of 
entangling  the  latter. 

The  outside  of  the  l)ox  is  painted  a  deep  blue,  with  narrow  marginal 
stripes  of  red. 
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6.  Marks, 
The  letters  "  U.  S.  L.  S.  S."  are  painted  in  white  upon  the  top. 


II.  Faking-box  b  (small). 

(Plate  XXXII.) 

1.  Desoriptian. 


Inches.    Cen  t  ini*  r^. 


C  Lenjrth 24.0  =  «0.9:.i* 

External  dimensions <  Widtli 16.0  ==  4<l.<>:<^ 

I  Depth 12.8  =.  :12.:>11 


Internal  dimensions. 


C  Lei 
I  \Vi 


enRth 22.8  =57.911 

idth 14.8  =H7..'>91 

pth 12.2  =:u).ii:r 


2.   Weight 


LbH. 


Kilns. 

lO.^Ni 
lG.ri.V 

l«>.7*i 


Averajife  weight,  empty 24 

Averajjje  weiglit,  with  '*  linen  line  No.  4,"  about 36.5  : 

Average  weight,  with  "  linen  line  No.  4^,"  ahont 37 

3.  Materials, 

Tlie  box  and  "  false  bottom  "  are  made  of  white  pine  ;  the  faking-] )ias 
of  hickoiy ;  the  frame  of  asli ;  all  well  seasoned. 


4.  Nomenclature  and  dimensions. 


1  top 


(  Li'ngth  ... 
2  Width  .... 
I  Thickness 


Iiicht's. 
..  24.0 
..  16.0 
..       .6 


2  side  pieces,  Siime  size 


i  Length  . . . 
2  Width  . . . . 
(  Thickness, 


24.0 

12.2 

.6 


Length 16.0 

2  end  i>ieces,  same  size <J  Width 12.2 

Thickness 6 


1  ^'fahw'  bottom" 


(  Length  ... 
}  Width  . . . . 
i  Thickness. 


22.6 

14.6 

.6 


=  6(».ltt^ 
=  40.tH5» 

=   i.raM 

=  r>().iir.y 
=  3(>.ir,c 

==    1.5-J4 

=  4().(»' 

=  i.rrf4 


''-.m 


Frame  for  fal'ing-2>ins. 


Length 26.0 

2  side  pieces,  same  size ^  W  iclth 3.7 

Tliickness 9 

Length 17.0 

2  end  pieces,  siinie  size ^  Width 4.3 

Thickness 9 


;w 

37.  (Kt 

1..V24 


=  66.  (Ky 

=   9.:tff* 

=  43.  ir^ 

=  l(^.1^2i 

—    \>  'Mi 


Fahingpins. 


f  T» 


32  pins,  same  size, 


Total  lenath 12.4  =31.495 


t  Length 11.5  = 

Body «?  Greate,st  diameter 1.0  = 

(  Least  diameter 35: 


Screw 


<  Length  .. 
\  Diameter 


.9 
.7 


2<K'>fl? 

2.rvH» 

1.77?^ 
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Inches.    Centim'rs. 

(  I^ii^li 6.2  =15.748 

•2  cl«it8  for  rope  liaiuUefl,  same  size ...{  Width 2.0  =    5.080 

<  Thickness 1.4=    3.556 

^      '  J  Diameter o=    1.270^ 

"i  h;wiw,  metal,  for  fastening  box  to  frame. 

5.  Construction. 

Tlie  ireneral  constnietion  of  this  box  tliflPers  from  the  one  given  above 
in  the  following  ])artieiilar8  only,  viz  : 

1.  In  having  .'W  instead  of  48  faking-pins. 

-.  In  ba^ing  32  instead  of  48  lioles  in  bottom. 

3.  In  having  32  instead  of  48  screw  holes  in  frame. 

Tlio  distances  of  the  holes,  etc.,  frimi  the  outer  edge  of  the  bottom 
and  of  the  frame,  and  from  each  other,  are  identical  in  the  two  eases.  The 
imintiiijj  and  marks  are  also  the  same. 

Note.— The  two  sizes  of  faking-boxes  given  above  are  issue<l  to  life- 
savincr  stations  at  the  i)resent  time,  and  correspond  to  the  two  sizes  of 
!<hf»t-lnie8  issued. 

III.  Fakog-box  c  (large,  square). 

(Plate  XXXIII.) 

1.  DeHcription. 

Iuclu'«.    (Vntim'rs. 

p         ,  (T^njrth 24.0=60.959 

tilt-nml  diimMisionH {  Width 24.0  =  60.959 

(  Depth 12.8  =  32.511 

-         ,  ,.  (  Length 22.9=58.165 

Ittlt-nia!  (lnu.MiHion.s <  Width 22.9  =58.165 

I  Depth 12.3  =31.241 

2.  Weight. 

Lbs.  Kilofl. 

Arfm-C- wHj^ht,  empty 33     =  14.96H 

A^fn;n-  wtMght,  with  '*  linen  line  No.  5/'  alxmt 57     =25.854 

3.  Materials, 

Hie  materials  for  this  box  are  the  same  as  those  used  for  the  preceding 
w«es. 

4.  XomencJatnre  and  dimensions, 

Iiicliea.    Ceiitim're. 

.  (L<'"l?*h 24.0=60.959 

**"P <  Width 24.0  =60.959 

(Thickness 5=    1.270 

...     .  (  Lenj,4h 24.0=60.959 

2M.k'i«ec(««,  same  size <  Width 12.3  =31.241 

rri"<^'k"ess 55=    1.397 

(  Lenj^th 24.0=60.959 

^^-nilpjVres,  same  size <  Width 12.3  =31.241 

rriuckness 55=    1.397 

i  Lenjrth 22.6  =57.403 

I "fal«e  bottom"  <  Width 22.6  =57.403 

<  Thickness 6=    1.524 
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Frame  for  fdking-pins. 

Inchf  >8.    Cent  im  *  i-ic 

(  Length 25.8  =  65.5:« 

2  side  pieces,  same  size <  Width 3.7  =    O.ril^rJ 

(  Thickness 9  —    2.2«H 

C  Length 24.75=  62. 8C'>4 

2  end  pieces,  same  size <  Width 4.3  =  10.92:i 

<  Thickness 9=    2.2^«^> 

Fal'ingpins. 

fTotalUngth 12.4  =31.495 


40  pins,  same  size. 


(Lei 
(  Lei 


Length 1L5  =29.20f> 

Body <{  Greatest  diameter 1.0  ==    2. 540 

Least  diameter 35=       .ir^ 


Screw  J  Length 9=    2.2^^» 

^^^^ ^Diameter 7  =    1.77H 

(  Length 6,2  =  15.74H 

2  cleats  for  rope  handles,  same  size 2  Width 2.0  =    o.OrHi 

(Thickness 1.4=    3.556 


18.0  =  45.719 
.5  =    1.270 


2  handles,  hemp  it)pe { iM^er'::::;:::::::::;::: 

2  hasps,  metal,  for  fastening  box  to  frame. 

TV.  Faking-Box  1)  (small,  square). 

(riate  XXXIV.) 

1.  Vescription. 

Incliea.   Cent  in i '  rs. 

Length 16.0    =  4(M):W 

External  dimensions i  Wi<lth 16.0    =  40.<>:W 

Depth 12.8    =32.511 


S 


(Length 14.9    =  1^7.84 .'» 

Internal  dimensions ^  Width 14.9    =  37.84r» 

<  Depth 12.3    =31.241 

2.   ^y eight 

LUh.  Kil4»s. 

Average  weight,  empty 18       =    H.ltU 

Average  weight,  with  '^  linen  line  No.  3^,"  about 26       =  11.7thi 

3.  Materials. 

The  materials  for  this  box  do  not  differ  from  those  of  the  preceding 
boxes. 

4.  Xomenclature  and  dimensions. 

Inches.   Ct'utim'rs. 

Length 16.0    =  40.6:W 

1  top {  WMdth 16.0  .  =  40.G:VJ 

Thickness 5    =     1.270 


(Length 16.0    =40.6:19 

<Wi«l 


2  side  pieces,  same  size <  Wi«lth 12.3    =  31.241 

i  Thickness 55  =     1.397 

Length 16.0    ==  40.a'?0 

2  end  pieces,  same  size ^  Widtli 12.3    =  31 .241 

Thickness 55  =     1.31^ 
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Inches.    Ceiitirn'ro. 

C  Length 14.55  =  36.956 

l"&ke  bottom" ^  Width 14.55  =  36.956 

^Thickness 6    =    4.064 

Frame  for  Faking-pins. 

(Length 18.0    =45.719 

2  ttdf  pieces,  same  size <  Width 3.7    =    9.398 

<  Thickness 9    =    2.286 

(Length 16.9    =42.925 

2estl  pieces,  same  size \  Width 4.35  =  11.049 

^Thickness 9    =    2.286 

FaJcing-pim. 

Total  length 12.4    =31.495 

(Length 11.5    =29.209 

24puis,samesize..J^^y ^  Great^^st  diameter 1.0    =    2.540 

r     ,  «».«xj  o*x.^...^  ^  Least  diameter 35  .889 

Screw  J  Length 9    =    2.286 

^^^^ ^Diameter 7    =    1.778 

(Length 6.2    =15.748 

-i ekatft  for rojw-haudles,  same  size.. <  Width 2.0    —    5.080 

<  Thickness 1.4    =    3.556 

-^^Hhe^prope { ^a^t :::::::;::;;::  :::::/':r>  ='IUI 

^  i«p8,  metal,  for  fastening  box  to  frame. 

^'OTE.  The  square  fakiiig-boxes  C  and  D  do  not  differ  niateriially  in 
**8tnictioii  from  boxes  A  and  B.    Tliey  are  experimental  boxes. 
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PART  III. 

RECORD  OF  EXPERIMENTS. 

Tlie  exi>orimoiits  are  divided  into  two  series ;  the  first  senes  coinpiMs 
iii^  those  ina<le  at  Spriii^eld,  Mass.,  in  tlie  autumn  of  1877;  the  second, 
those  nuide  at  Sandy  Hook,  N.  J.,  in  the  spring  of  187H. 


CHAPTER  I. 

FIRING-GHOUNDS. 

I.  Firing -GROUND  at  springfield,  mass. 

(Plate  XXXVir.) 

Considerable  difficulty  was  experienced  in  finding  a  suitable  firing 
gi^ound  in  convenient  i)roximity  to  the  National  Armory.  The  grounds 
])os8essed  by  the  United  States  Government  aflbrded  too  limited  a  raii^re 
to  be  of  any  practical  utility.  The  government  for  its  own  i)uri>08e8  us«i 
ranges  over  water  in  experimental  firing;  but  though  the  ultimate 
object  of  the  present  trials  was  to  determine  the  best  means  of  throwinjr 
lines  over  an  intervening  space  of  water,  it  wa«  esj)ecially  imdesiralile 
during  these  trials  to  have  su(^h  an  iiu'onvenient  obstruction  between 
the  initial  and  objective  points  of  the  firing. 

Some  of  the  chief  requisites  of  a  good  firing-ground  for  making  exi)cri 
ments  in  throwing  lines  are : 

1.  That  it  should  i)resent  an  adequate  rsnige. 

2.  That  it  sliould  l)e  nearly  level. 

.5.  That  there  shcmld  be  no  ol)stacles  to  interfere  with  the  attainment 
of  a  good  view  of  the  shot  and  line  throughout  the  traject(u*y,  nor  with 
taking  uj)  the  line  after  firing.  This  condition  rejects  a  range  over 
water  not  only  on  a(*count  of  wetting  the  line,  thereby  increasing  it^ 
weiglit  and  rendering  the  result  of  the  subseqiu^nt  shot  incomparable 
with  one  made  with  the  dry  line,  but  also  by  increasing  the  physical 
dit!iculti(»s  of  taking  ivp  the  liiu*  and  rejdacing  it  in  the  faking-box. 

It  also  rejects  ground  covered  with  briers  or  other  i)rickly  plants  or 
shrubs  whose  prickles  penetrate  and  break  oft"  in  the  line  when  it  is 
drawTi  through  them,  thus  rendering  the  handUng  of  tlie  line  both  diiii 
cult  and  painfid. 

4.  That  the  extent  of  the  range  shouhl  be  great  eiunigh  to  enable  the 
observer  to  note  the  point  of  fall  of  those  shot  that  break  the  line  and 
imss  far  beyond  the  limits  which  they  would  attain  if  the  line  reniainctl 
intact,  in  order  that  the  shot  may  be  easily  recovered  for  subsequent 
use. 

5.  That  human  habitations  should  not  be  in  or  near  the  plane  of  fire. 
After  some  tune  spent  in  prospecting  for  a  spot  siut^d  to  the  object  in 

view,  one  was  selected  about  one  mile  from  the  city  of  Springfield 
Mass.,  but  still  within  the  city  limits.  It  consisted  of  two  strips  of 
meadow-land  nearly  level  for  about  7(K)  yards ;  the  extremity  of  the  range 
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farthest  from  the  giin  ha^iup:  the  greater  elevation.  Tlie  ^oiiiid  pre- 
seuted  a  veiy  clear  range  of  087  yards  between  the  two  tracts  of  timber 
lauul  at  its  extremities. 

The  disadvantages  were,  that  the  firing  ha^l  to  be  done  over  a  mnch- 
travele«l  road,  that  tlie  lan<l  closely  adjjU5(»nt  was  often  o<*cnpied  by  labor- 
f r?*,  that  the  nearness  of  the  city  enabled  many  i<llers,  especially  boys,  to 
fi>ugreg:ate  in  the  vicinity  of  the  plane  of  tire.  The  delays  and  annoy- 
ances clue  to  these  causes  were  many  and  oftentimes  very  troublesome. 
M  the  appurtenani^ies  of  the  range  had  t&  be  set  up  an<l  removed  at 
«K-h  viHit  to  prevent  their  wanton  destruction  by  tramps  or  thoughtless 
Ihjvs. 

No  difficulty  was  exi>erienced  in  obtaining  the  necessary  permission 
fttmi  the  munici}>al  authorities  to  fire  >vithin  the  city  limits  and  over  the 
nia<l way.  They  merely  requu*ed  that  sentinels  should  be  stationed  on  the 
njftd  to  warn  i)asser8  by,  in  order  to  prevent  accidents. 

The  land  o<;cupied  wajs  owned  by  Mr.  E.  W.  Bond,  i)resident  of  the 
Miis«%ac'liuisetts  Mutual  Life  Insurance  Company,  and  >Ir.  Janu's  Kirk- 
liani,  president  of  the  First  National  Bank  of  S])ringfiel<l,  both  of  whom 
verj-  kindly  and  generously'  allowed  it  to  be  used  without  asking  for  anj- 
compensation. 

At  the  firing  point  a  gun  platform  was  construct(»d  to  avoid  the  tear- 
in?  up  of  the  ground  due  to  the  recoil  in  continued  firing. 

This  idatfonn  was  8  feet  long  and  0  feet  wide,  made  of  2-inch  deck 
plank  8i)iked  dovni  upon  4  sleepers.  The  sleepers  were  8  feet  long,  with 
a  <Tos8-section  of  10  inches  square,  and  were  bedded  in  the  ground  flush 
with  the  surface.  Inunediately  m  front  of  the  center  of  the  platform 
was  driven  tlie  initial  stake  iiom  which  the  range  was  measured.  The 
muzzle  of  the  piece  was  placed  directly  o>'er  this  stake  in  firing.  From 
thU  iM>int  the  range  was  laid  ott*  by  means  of  a  tape-line  1(H)  feet  long ; 
and  a  stake,  with  its  distance  in  yards  from  the  origin  marked  upon  it, 
was  driven  down  at  100  vards,  and  at  each  additional  hundred  vai*ds 
fr»m  the  initial  point.  Intermediate  stakes  w  ere  driven  at  intervals  of 
'ij  yartls  lH»tween  those  which  designated  the  100-yard  i)oints.  This 
arrangement  greatly  facilitated  the  measurement  of  the  ranges  of  the 
*liot. 

Later  a  second  range  was  laid  out  from  the  same  origin,  but  so  inclined 
aj«to  clear  the  ])oint  of  the  woods,  in  which  several  shot  had  been  lost 
Wthe  breaking  of  the  lines.  This  range  was  marked  at  each  hundred 
yanls  by  an  api)roi)i'iately-nund)ered  stake. 
The  ranges  were  remeasiued,  to  prechuh*  any  possibility  of  eiTor. 
To  the  right  aiul  rear  of  the  gun  platform  was  erected  a  shelter  7  feet 
^iiig  and  0  feet  high,  made  of  10-inch  timber,  to  screen  the  firing  paity 
*beu  testing  n(»w  guns  with  heavy  charges.  Every  juecaution  was  taken 
to  prevent  a<rcidents.  The  guns  were  always  fire<l  with  a  lanyard  and 
*nic4?  primer.  When  firing,  range  flags  were  i)laced  at  the  300,  400, 
aiid  5l>0-yard  stakes,  to  umrk  the  line  of  fire.  In  every  cane  the  gun  was 
jwinted  so  as  to  bring  the  plane  of  fire  to  coincide  with  the  line  of  flag- 
<tave«.  Twenty-five  yards  to  the  right  of  the  200-yard  stake  was  placed 
a  (,'asella  anemometer,  to  measure  the  a])i)roximate  suriace  velocity  of 
the  wind.  This  instrument  was  placed  a  little  over  five  feet  fiom  the 
^aiul.  It  occupied  a  clear  space,  removed  from  any  obstructions  that 
would  moilify  the  velocity  of  the  sm-face  current  of  air.  The  direction 
«f  the  wind  with  reterence  to  the  line  of  fire  was  estimated  fr<mi  the  i>o- 
nition  assumed  by  a  vane  five  feet  long,  situated  at  the  same  spot  as  the 
auemoiueter. 
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Oe)ieral  method  of  firing. 

The  practice  usually  observed  in  firing  was  as  follows : 

1.  To  set  up  and  align  the  range  flags. 

2.  To  place  the  anemometer  in  position  and  take  the  initial  rea<liii^ 

3.  To  place  the  faking -box  containing  the  line  in  position  for  firing 

4.  To  point  the  gun  so  that  the  vertical  plane  through  its  axis  ivo 
<»oincide  with  the  line  of  flags  as  closely  as  possible. 

5.  To  charge  the  piece  w^th  a  cartridge  containing  the  powder. 

6.  To  atta<;h  the  line  to  the  shot  and  insert  it  in  the  i^iece. 

7.  To  give  the  proper  elevation. 

8.  To  i)rick  the  cartridge  and  insert  the  friction  i)rimer. 

9.  To  fire  the  gun. 

10.  To  take  the  reading  of  the  anemometer. 

11.  To  measure  the  range.    The  distance  from  the  nearest  stake 
the  i)oint  where  the  shot  fell  is  measured  with  a  pole  ten  feet  long*,  ai 
then  reduced  to  yards,  and  added  algebraically  to  the  number  of  yards  i 
the  stake. 

12.  Tlie  deviation  of  the  shot  to  the  right  or  left  of  the  line  of  fire 
measured  in  feet  vnth  the  same  i>ole. 

13.  The  l)owing  or  drift  of  the  slack  of  the  line  from  the  plane  of  fii 
at  tlie  300-yard  stake  is  measured. 

II.   FiRING-GROrND  AT  SANDY  HOOK,  N.  J. 

The  second  series  of  experiments  were  conducted  at  the  ordiiaiid 
"proving-groiuid"  at  Sandy  Hook,  N.  J. 

Permission  to  use  these  grounds  was  granted  by  General  S.  Y.  Bend^ 
Chief  of  Ordnan(^e,  and  Col.  S.  Crispin,  coustnictor  of  onlnance.  United 
States  Armv. 

A  range  was  laid  out  along  the  sandy  beach,  carefully  measured,  an< 
marked  by  stakes,  as  in  the  i)receding  instance  at  Spnngtield,  Mass. 

Range  flags  were  used  to  indicate  the  plane  of  fire. 

A  gun  ])latform,  13  feet  square,  was  i)laced  at  the  firing  point,  which, 
thougli  it  allowed  the  gun  and  carriage  to  re<*oil  more  in  firing,  was  a 
necessity  where  continued  exi)eriments  are  canied  on  in  the  yielding  sand. 

A  Casella  anemometer  was  mounted  on  a  staff  5  feet  high  and  i)la€CMl 
about  20  yards  to  the  right  of  the  200-yard  stake,  for  the  purpose  of  oh- 
taining  the  velocity  of  the  wind  at  the  surface  of  the  ground. 

A  vane  was  idaired  at  the  same  point,  to  determine  the  direction  of  the 
wind  ^vith  reference  to  the  plane  of  fire. 

The  velwity  of  the  wind  at  an  altitude  of  al>out  50  feet  above  the 
surface  of  the  ground  was  taken,  whenever  ])ossible,  at  the  office  of  tlie 
Ordnance  Board,  a  short  distance  in  rear  of  the  firing  point. 

On  a  subsequent  page  are  given  the  velotdties  of  the  wind  during  the 
hours  of  experimental  firing,  as  indicated  by  the  self-registering  ai)pa- 
ratus  in  the  office  of  the  signal-service  observer. 

The  two  instruments  last  referred  to  are  Robinson  anemometers,  and 
are  by  no  means  so  delicate  in  their  indications  as  the  Ca«ella  air  nietir 
used  for  the  surface  velocities. 

In  the  tables  giving  the  result'Ji  of  the  firings,  the  long  arrow,  nmniii^r 
the  whole  length  of  the  column,  marked  "  Wind,  direction,"  represents 
the  intersection  of  the  plane  of  fire  with  the  surface  of  the  ground  and 
the  direction  in  which  the  guns  were  pointed. 

Tlie  shoit  arrows  indicate  the  direction  of  tlie  wind  with  reference  to 
this  line. 
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1.  Synoptical  transcript  of  notes  from  the  firing  record, 

3-INCH  M.  L.  RIFLED  MORTAB — BRONZE. 


Date. 


1877. 
Sept.    22 


g 

o 
■o 


Sept.    27. 


Oct.       6. 


Oct.     10. 


8 


10 


Rifle  proiectile. — Gas  entered  axial  cavity  iiotwithHtaiiding  Rabot,  and 
blew  tlie  cap  off;  cutting  the  retaiiiing-s( rew  entirely  off,  carrying^ 
the  knot,  rubber  tube,  and  washer  out  at  the  front  end  of  the  shot. 
When  the  resistance  of  the  line  drew  the  rubber  tube  and  knot  back, 
the  former  caught  on  the  forward  end  of  the  shot,  introverting  a 
portion  of  the  tube  and  cutting  off  the  line.  About  20  yards  of 
line  carried  out.  Rubl>er  tube  found  about  150  yards  in  front  of  gun. 
A  good  line-shot,  ranging  723  yards  and  striking  a  tree  40  feet  &om 
the  ground.     Projectile  recovered. 

Rifle  i^rojectile. — The  cap  w^as  not  blown  off,  nor  was  any  trace  of 
gas  found  in  the  axial  cavity.  The  shot  and  line  were  recovered ; 
the  rotation  of  the  shot  due"  to  the  rifled  motion  twisted  the  line 
badly.  The  line  assumed  a  spiral  fiisifonn  shape  in  rear  of  the  pro* 
jectile  ;  the  spirals  near  the  shot  being  very  small  and  increasing 
in  amplitude  with  their  distance  in  rear  of  it.  until  a  point  within 
about  50  yards  of  the  faking-box  was  reached,  from  which  point  to 
the  box  the  amplitude  of  the  spirals  decreased.  This  tapering  of 
the  spirals  in  rear  of  the  shot  increased  greatly  the  resistance  ot  the 
air  and  diminished  the  range. 

Rifle  projectile. — ^Line  carried  out  25  or  30  yards ;  end  appeared  as 
if  burned  off';  shot  lost.     One  sabot  recovered. 

Rifle  projectile. — Copper-wire  rope  interposed  between  shot  and 
liue^  broke.  Forty  yards  of  line  carried  out.  Gas  entered  axial 
cavity  and  started' the  brazing  of  the  cap.  Projectile  rotated  about 
its  shorter  axis  and  struck  upon  its  side. 

Rifle  projectile. — ^I'he  cap  being  lost  the  line  was  knotted  over  a 
lead  washer  and  inserted  in  the  gun  point  first,  with  two  sabots 
to  rest  upon  and  prevent  the  gas  burning  off  the  knot.  The  shot 
was  fired  base  first,  took  the  rifled  motion  and  when  it  felt  the  strain 
upon  the  line  it  revei*sed,  but  retfiined  the  rifled  motion  and  un- 
dulated up  and  down  in  the  trajectory.  The  line  was  twisted  as 
before. 

Rifle  projeetile. — This  shot  was  placed  in  the  gun  like  the  preceding 
one  and  fired  base  first,  but  when  it  reversed  it  did  not  proce<Ml 
point  foremost,  but  continued  to  rotate  about  it*  shorter  axis.  The 
rotation  of  the  shot  twisted  the  line. 

Smooth-l)ore  projectile. — The  bowing  or  drift  of  the  shot-line  from 
the  line  of  nre  at  the  300-yard  stake  was  129  feet  to  the  right.  The 
shot  kept  point  foremost  after  reversing  and  the  resistance  of  the  line 
kept  it  so. 

Rifle  projectile. — Used  one  wooden  and  one  Conies  sabot.  Gas  pene- 
trated axial  cavity,  burning  oft*  the  line,  which  was  found  to  be 
still  burning  when  examined.  Shot  lost.  Range  unknown.  Ac- 
tion in  trajectory  unknown. 

Smooth-bore  projectile. — This  shot  rotated  about  its  shorter  axis  dur- 
ing its  whole  flight ;  the  line  did  not  experience  n^sistance  enough 
to  Keep  the  shot  point  first.  Wind  directly  across  line  of  tir<»,  veloc- 
ity about  6.37  miles  per  hour.  The  line  bowed  226  feet  to  the  right 
at  the  300-yard  stake. 

Rifle  projectile. — The  shot  was  fired  base  first.  The  base  w^as  turned 
off,< forming  a  frustum  of  a  cone,  and  the  longitudinal  groove  for  the 
line  (along  the  side  of  the  shot)  was  partially  filled  with  lead.  The 
escape  of  gas  in  firing  cut  out  lead.  The  shot  rotated  about  its 
shorter  axis  in  the  first  part  of  the  trajectory  and  kept  point  first 
during  the  latter  part  of  its  flight.     Shot  i»enetrated  two  feet  into 
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Date. 


c 

• 

c 


1877. 


^ct.       10 


Oct.      13. 


Oct.       24 


Nov.       a 


12 


11 


12 


13 
14 


15 


16 


17 

18 
19 

20 


tlie  ground  iu  falling.  Lim^  twi.st«Ml  and  lay  in  loose  coils  in  the 
vicinity  of  the  ])oint  where  the  shot  struck.  The  line  bowed  68  feet 
to  right  of  :iOO-yard  stake. 

Sniootli-bore  projectile. — Line  ran  out  beautifully.  Bowing  of  line, 
14  feet  to  right  of  300-yard  stake.  Escax^e  of  gas  through  rifles 
diminishes  range. 

Smooth-bore  projectile. — Bowing  of  line,  33  feet  t^  left  of  300-yard 
stake.  Velocity  of  wind  probably  greater  than  given,  as  the  inter- 
val between  readings  in  this  case  was  63  minutes,  and  the  wind  was 
increasing  all  the  time.  Escape  of  gas  through  the  rifles  aft'ected 
the  range. 

>  Smooth-bore  projectiles. — Line  Immt  off  in  each  case  and  shot  lo<t. 

)  Range  uncertain,  jirobablj-  over  800  yards.  Both  shot  rotated 
about  shorter  axis.  Faking-box  placed  9  feet  to  left  of  platfonn  on 
windward  side.  Line  burned  off  in  loop  in  each  case  ;  end  of  line  on 
lire  w  hen  examined.  The  lengfh  of  the  powder-charge  was  such 
that  it  greatly  increascil  the  gas-esca{>e  through  the  grooves. 

Smooth-bore  projectile. — Bowing  of  line,  13  feet  to  right  at  the  300- 
yard  stake.  The  line  was  all  carried  out  and  the  end  dragged  115 
feet  from  the  box  towards  the  front.  Shot  penetrated  earth  IH 
inches.  Reading  of  anemometer  uncertain,  not  properly  adjusted  ; 
but  result  varies  but  little  fnmi  the  truth. 

Smooth-bore  projectile. — Bowing  of  line,  9.5  feet  to  left  at  300-yard 
stake.  The  line  wa=s  all  carried  out,  the  loose  end  being  dragged  to 
the  front  a  distance  of  l*i8  feet.  Shot  buried  2  feet  iu  the  gituind. 
Proje(;tile  rotated  about  its  shorter  axis  three  or  four  times  in  the 
first  part  of  the  trajectory.     Wind-velocity  5.2  miles  p<^r  hour. 

Smooth-bore  projectile. — The  shank  broke  off  close  to  base  of  shot. 
It  broke  when  the  shot  reversed  ami  brought  the  strain  upon  the 
shank,  which  accidentally  had  been  made  of  steel  instead  of  wi-ought 
iron.     Shot  lost.     About  KM)  yanls  of  line  carried  out. 

Smooth-bore  projectile. — Shot  with  very  long  shank  (10  inches).  Fak- 
ing-box to  left  of  gun-platform.  Bowing  of  line,  about  200  feet  to 
right  at  300-yard  stake.     Wind,  10.864  miles  per  hour. 

Smooth-bore  juojectile. — Shot  carried  away  75.5  feet  of  hemp  line, 
wiiich  probably  broke  at  or  near  a  spot  that  ha<l  been  xiartially  cut 
through  previously  by  whipping  against  edges  of  b(»x.  Shot  re- 
coviTi'd.     Range  over  900  yards. 

Smooth-l>ore  projectile. — Bowing,  70  feet  to  right  at  3()0-yard  stake. 
Shot  had  10-iuch  shank. 


/ 


rvM    Tixiia    nxzTDia    -/vui    noTWAunv 


9.71 


i,D,  Mass. 
fiber  of  2  inches. 


Braid 


o.  1. 


o.  2. 
o.  1. 


o.  2. 


o.  1. 


o.  2. 


o.  2. 


Lenj^h. 


Yards. 


Meters. 


Diame 


Inch. 


700 

640  + 

0.13 

700 

640  f 

0.13 

600 

548  -t- 

0.22 

600 

548  + 

0.22 

700 

640  + 

0.13 

700 

MO  + 

0.13 

700 

640  + 

0.13 

700 

640  + 

0.13 

700 

640  f 

0.13 

700 

640  + 

0.13 

700 

640  + 

0.13 

700 

640  + 

0.13 

700 

640  + 

0.13 

700 

640  + 

0.13 

700 

640  + 

0.13 

600 

548  + 

0.22 

700 

640  + 

0.13 

700 

640  + 

0.13 

600 

548  + 

0.22 
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1.  Synoptical  tramcHpt  of  notes  from  the  firing  record. 
Gun  a,  2  INCHES  caliber. 


Date. 


1877. 
Nov.        3 


c 

o 

o 
>5 


3 
4 


5 


6 
7 


8 
9 

10 

11 
12 
13 
14 

15 
16 


12     17 


18 
19 


Lino  broke.  Slit)t  cniTied  jiwuy  22f  yanls  of  line.  The  detaeliecl  por- 
tion of  the  line  wa.s  partially  ent  thronj^li  in  twophiees;  one  eut  or 
break  was  4|  yards  from  loose  end  (<n'  1^  yards  from  projeetile),  and 
extended  half-way  thronjjh  the  line ;  the  other  wa«  a  slight  cut 
nearer  the  shot  and  not  so  deep.  A  few  yards  of  the  line  was  faked 
upon  the  ground  in  about  18-ineh  lenja^hs.  The  vibrations  of  the 
line  were  violent,  whipping  ba<lly  aeross  the  tnlges  of  the  box  and 
cutting  off"  the  line.     l*rojectile  recovered. 

The  bowing  of  the  line  at  the  3(X)-yard  stake  was  119  feet,  and  was  a 
little  gi'eater  at  the  400-yard  stake.  Velocity  of  wind,  9.71  +  miles 
per  hour. 

Broke  linen  line  No.  1.     Shot  lost. 

Bowing  of  the  line,  136  feet  to  the  right  of  the  300-yard  stake.  Ve- 
locity of  the  wind,  10.2  miles  per  hour.  Jjine  knotted  badly  by 
some  of  the  fakes  slipping  under  others.  The  line  wsis  cut  half  off 
about  20  yards  fr<nn  the  projectile  by  striking  the  e<lge  of  the  fak- 
ing-box.  The  vibrations  of  the  line  were  so  violent  as  to  split  the 
end  of  the  box  4  inches  from  the  top. 

Line  burnt  off  by  llames  of  gas  escaping  around  shot  through  the 
windage.  Burnt  off  at  ]Mnnt  of  attachment  to  shot.  Projectile 
lost.  Range  over  1,(H.)0  yards.  Faking-box  placed  loyarils  in  front 
of  the  gun. 

Sh(»t  turned  over  and  over  alnrnt  its  shorter  axis. 

Projectih*  rotatetl  three  or  four  times  about  its  shorter  axis  in  a  plane 
nearly  horizontal  and  then  oscillated  up  and  down  during  the  re- 
mainder of  its  Hight,  keeping  its  head  or  ])oint  to  the  front. 

Wind,  light  and  variable ;  changing  tlirection  oft.en. 

A  knot  in  the  line  fi-om  the  fakes  slipping  under  each  other  and  looi>- 
ing. 

Bowing  of  line,  24  feet  to  the  left  at  the  300-yard  stake.  The  bore  of 
the  gun  noticed  to  be  slightly  enlarged. 

Bowing  of  the  line,  22  feet  to  the  left  at  the  300-yard  stake. 

Bowing  of  the  line,  54  feet  to  the  left  at  the  300-yard  stake. 

Bowing  of  the  line,  67  lV?et  to  the  left  at  the  3(M)-yard  stake. 

Italian  hemx)  line  No.  2.  Broke  near  box.  No  line  earned  out.  Pi*ob- 
able  range,  over  750  yanls.     Projectile  rotating  about  shorter  axis. 

Same  remark  as  i)re(!e<ling  shot. 

Linen  line  No.  2.  Bowing  of  line,  50  feet  to  the  left  at  the  300-yard 
stake. 

Bowing  of  line,  23  fvi^i  to  the  right  at  the  300-yard  stake.  Elevation 
of  piece  too  great.  Trajectory  too  high,  requiring  more  line  than 
was  necessary  feu*  the  range  attained.  The  resistance  of  the  air  on 
the  falling  line  was  so  great  that,  when  descending,  the  jirojectile 
appeared  to  fall  almost  vertically  for  quite  a  distance. 

Line  broke.     Projectile  lost. 

Line  (linen  No.  1)  broke.  Initial  velocity  of  projectile  too  great. 
The  rapidity  of  vibration  of  the  ro]»e  in  ruiming  fr<mi  the  faking- 
box  was  so  violent  as  to  knock  out  the  upper  part  (4"  wide)  of  one 
end  of  the  box,  though  the  comers  were  dovetailed  together.  The 
fakes  in  the  rope  were  too  long  to  be  used  with  projectiles  having 
such  gri'at  initial  velocity  as  this  shot.  The  sabot  (Coixles)  was  a 
failure,  the  gas  passing  it  and  entering  the  axial  cavity  ;  the  press- 
ure of  the  gas  inside  the  shot  was  so  great  that  the  head  was  blown 
oft'  and  lost.    A  iwrtion  of  the  shot  and  the  sabot  were  recovered. 


fciNGFifiLDy  Mass. 

f  toa  caliber  of  2.5  inches. 


Material 


Italian  hemp  No.  2 

Italian  hemp  No.  1 

do 

do 

Linen  No.  1 

do 

Linen  No.  2 

Linen  No.  3 

do 

do 

do 

Linen  No.  2 

do 

Italian  hemp  No.  2 

Linen  No.  2  (in  small  box) 
Italian  hemp  No.  2 
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1.  Synoptical  iramcript  of  notes  from  the  firing  record. 
Gun  a. — 2.5  inches  caliber. 


Date. 


1877. 
Nov.     21 


o 

■ 

o 


1 
2 


Nov.     22 


8 


9 


10 


Nov.      27     11 


No  remarks. 

Line  broke ;  shot  carried  away  90  feet  of  line ;  shot  recovered.  Range, 
over  900  yards. 

Forty -six  feet  of  liuen  line  (No.  1,  diameter  0".22)  tied,  one  end  to  shot 
and  the  other  to  the  Italian  hemp  line  No.  1,  to  receive  the  first 
shock  of  discharge.  When  fired  the  knot  came  loose  with  a  noise 
like  the  explosion  of  a  friction  primer. 

The  ho  wing  or  drift  of  the  line  from  the  line  of  fire  was  110  feet  at  the 
30()-yard  stake. 

Linen  line  No.  1  cut  off  at  105  feet  from  the  shot  hy  whipping 
against  the  edge  of  a  slight  notch  in  the  side  of  the  faking-box  j 
shot  and  attached  portion  of  line  recovered.    Range,  over  900  yards. 

Bowing  of  line  at  300-yard  stake^  71  feet. 

Bowing  of  line  at  300-yard  stake,  84  feet. 

New  braided  line,  *'No.  3^  linen,  bleached."  Deviation  of  line  from 
plane  of  tire,  75  feet  at  300-yard  stake  and  86  feet  at  400-yard  stake. 
About  775  yards  of  line  carried  out  of  box.  Six  knots  found  in  line ; 
these  were  small  loops  formed  by  some  of  the  fakes  slipping  under 
others  and  being  drawn  into  a  knot  by  the  ranid  vibrations  of  the 
line.  The  projectile  penetrated  two  feet  into  tiie  ground.  The  ffun 
and  bed  turned  upside  down  after  sliding  from  the  platform,  due 
to  the  surface  of  tue  latter  being  6  inches  above  the  ground  in  rear 
of  it. 

Line  broke ;  shot  carried  away  27.5  yards  of  line.  A  small  knot  found 
20  yards  from  projectile.  The  range  was  about  1,000  yards,  deviat- 
ing slightly  to  the  left  of  the  line  of  fire.  The  shot  struck  a  tree, 
breaking  the  shank  off  at  the  beginning  of  the  screw-tliread ;  both 
shot  and  line  recovered.  The  shot  and  attached  piece  of  line  de» 
scribed  an  undulatory  path,  in  a  vertical  plane. 

Line  broke ;  shot  carried  away  21  yards  of  line.  The  line  (the  de- 
tached portion)  was  found  to  be  nearly  cut  through  at  13  yards'  dis- 
tance from  the  shot,  probably  due  to  a*  knot  which  pulled  out  before- 
the  line  was  severed ;  a  small  knot  was  found  20  yards  from  shot. 
The  range  was  about  40  yards  greater  than  the  jireceding  shot ;  the 
deviation  was  slightly  to  the  right ;  the  projectile  rotated  horizon- 
tally about  itM  shorter  axis. 

In  this  and  the  preceding -case  the  frayed  ends  of  the  broken  line  were- 
1".5  long,  appearing  as  if  combed.  This  length  (1".5)  was  greater 
than  any  hitherto  found  to  oecur  with  any  line  used  :  the  braided 
lines  having  usually  broken  sharj^lv  ott'  without  leaving  the  ends 
frayed  more  than  a  fraction  of  an  inch.  Several  knots  were  also 
found  in  different  parts  of  the  line.  The  faking-box  testified  to  tlu^ 
vioh'iit  vibratiouH  of  the  line  in  running  out,  liy  the  indentati(m» 
made  in  the  edgi's.  sidt's,  and  endn  of  the  box  by  the  line.  From 
these  faets  it  would  appear  probable  that  some  of  the  fakes  caught 
each  other  and  looped,  and  were  drawn  sharply  against  or  across 
the  edge  of  the  box,  forming  a  knot  whose  resistame  was  suflicient 
to  cause  the  severance  of  the  line. 

Line  drifted  353  feet  to  left  of  plane  of  fire  at  4^M^-yard  s*ake.  All  the 
line  (751  yards)  was  carried  out.  together  with  pait  of  piece  of  old 
line  (0".22  in  diameter)  which  had  been  atta^*he<l  t(»  the  shot-line.. 
The  shot  in  the  last  ]u>rtion  of  the  trajt^etory  tell  in  a  line  closely 
apjiroacliing  a  vertical :  in  fact,  it  apiK-ared  fnmi  the  firing-point 
as  if  {suspended  by  the  line.  After  tin*  pio.jectile  had  passed  over 
about  one-half  of  its  descent,  the  li<;lit  line. 


becouiing  slack,  was 
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1.  Synoptical  transcript  of  notes  from  the  firing  record — ^Continued. 
Gun  a. — 2.5  inches  caliber — Coutiuued. 


Date. 


s 

o 


1877. 


Nov.     27 


12 


13 

14 
15 


16 


drifted  oft'  by  the  wind,  wlio.se  velocity  near  the  upper  part  of  the 
trajectory  was  much  greater  thau  that  near  the  surface  of  the 
ground.  Six  small  knots  or  loops  were  found  in  the  line.  The 
great  bowing  of  the  line  was  due  to  its  lightness,  the  high  angle 
of  elevation,  the  velocity  of  the  wind*  high  above  the  surface  of  the 
plain,  and  the  fact  that  when  the  shot  was  descending  there  wa« 
little  or  no  longitudinal  strain. 

Line  broke ;  .shot  canned  away  37  yards  of  linen  line  No.  2 ;  both  re- 
covered. Faking-box  is  t<»o  long  for  use  with  this  initial  velocity 
for  projectile.  The  vilirations  of  the  line  were  verv  violent ;  the 
box  showe<i  indentati(uis  where  the  faked  loops  had  been  sunk  into 
the  wood  by  the  whii>ping. 

With  six  ounces  of  Hazard  musket  powder  the  base  of  the  projectile 
(L.  3),  experimental  No.  11,  was  flush  with  the  face  of  the  muzzle. 

Shot  carried  away  28  yanTs  of  line  (Italian  hemp  No.  2). 

Linen  line  No.  2  :*  The'  line  bowed  65  feet  to  the  left  of  the  300-yard 
stake.  This  line  was  faked  in  the  small  boxes  **B,"  filling  two  of 
them.  By  placing  in  this  size  box  the  amplitude  of  the  lateral 
vibrations  is  much  diminished. 

Italian  hemp  line  No.  2:  The  bowing  measured  at  the  300-yard  stake 
was  124  feet  to  the  left ;  angle  of  elevation  too  great  for  the  wind 
that  was  blowing. 


Braide<1  shot-linei 


Diameter. 


tc*r». 

Inches. 

Milll- 
mete». 

0  + 

0.145 

3.683 

»  .+ 

0.215 

5.461 

8    4- 

0.235 

5.960 

K  + 

0.235 

5.969 

8  + 

0.325 

8.255 

H   -f 

0.265 

6.731 

8  4- 

0.285 

7.239 

0  -H 

0.19 

4.826 

H   + 

0.325 

a255 

8   + 

0.265 

6.731 

«   + 

0.235 

5.960 

8    + 

0.235 

5.969 

8    + 

0.215 

5.461 

0    + 

0.10 

4.826 

«   + 

0.283 

7.188 

0   + 

0.14 

3.556 

H    + 

0.225 

5.715 

H   + 

0.21 

5.334 

8   + 

0.21 

5.334 

0    + 

0.20 

5.080 

0   + 

0.20 

5.080 

H  + 

0.325 

&255 

f<  + 

0.225 

5.715 

0  + 

0.122 

aoo4 

0  + 

0.145 

3.683 

0  + 
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Synoptical  transcript  of  notes  from  tlie  firing  record. 
Gun  a. — Calibeb,  3  xi^ches. 


Date.       ^ 


1878. 
May      14 


2 
3 


4 
5 


6 


8 

9 

10 

11 


12 

13 


Kay     21 


14 


15 


16 
17 

18 


19 


Italian  bemp  line  No.  4-J^  emj^tiecl  into  a  pine  packing-box  l)efore 
tiring.  Lateral  vibrations  of  line  sufficient  to  l(M>sen  the  nails  in 
both  ends  of  box.  End  of  line  found  in  crack  between  end  and  side 
of  box.  The  line  was  proV)ably  cut  otf  by  being  di-awn  violently 
across  sharp  corners  and  through  the  crack — uncertain,  may  have 
been  broken.  Shot  ranged  850  yards,  carrying  27  yards  of  line 
with  it. 

Base  of  projectile  flush  with  the  face  of  muzzle.  Vibrations  of  line 
knocked  the  bottom  and  end  out  of  the  taking-box  (A). 

Line  (hemp  No.  7)  broken  smiarely  otf.  Sixteen  yards  «>f  line  left  at- 
tached to  shot,  which  struck  the  ground  9&)  yards  from  the  piece.  The 
vibrations  of  the  line  split  the  end  and  side  of  the  faking-box  (A) 
into  4  or  5  pieces.  The  two  faking-boxes  above  mentioned  were 
rendered  useless  for  further  service  in  transporting  lines. 

No  remarks. 

Line  (hemp  No.  10)  emptied  into  the  two  faking-boxes  (A)  mentioned 
in  roundjB  2  and  3.  [These  boxes  will  be  referred  to  in  following 
shots  as  *'old  faklng-box  A,"  &c.  They  were  used  (or  at  least 
one  of  them)  until  the  14th  round  to  avoid  breaking  up  new  boxes.] 
Bevel  on  rear  end  of  shot  extended  beyond  face  of  piece. 

Line  (No.  8)  emptied  into  2  old  faking-boxes  A,  and  part  left  in  box  B. 
Half  of  bevel  at  base  of  shot  exposed  beyond  muzzle  of  piece. 

Line  (No.  9)  put  in  2  old  faking-boxes  A  for  Uriug.  Half  of  bevel  on 
lear  of  shot  exposed.  • 

Line  in  one  old  box  A.    Base  of  shot  flush  with  muzzle  of  piece. 

Line  (No.  10)  in  2  old  boxes  A. 

Line  (No.  8)  in  2  old  boxes  A.    One  electric  primer  failed  to  explode. 

Line  (No.  7)  in  1  old  box  A.  Could  not  tell  whether  the  line  was  cut 
on  the  broken  box  or  was  broken  by  vibrations ;  25  yards  of  line 
carried  off  by  shot.    Range,  704  yards;  deviation,  5  yards  to  right. 

Line  (No.  7)  in  1  old  box  A. 

Line  (No.  6)  in  1  old  box  A.  The  gun  was  probably  not  pointed  prop- 
erly by  the  assistant.  The  line  cau|;ht  on  the  broken  end  of  the 
box,  which  may  have  changed  the  direction  of  the  shot  somewhat, 
but  not  enough  to  account  for  the  marked  deviation  of  the  shot. 
The  box  was  on  the  right  of  the  gun.  From  the  insigniflcant  dif- 
ference between  the  deviation  of  the  shot  and  the  **  drift,*'  as  meas- 
ured from  the  30()-yard  stake,  the  writer  is  inclined  to  the  opinion 
that  the  gun  was  not  properly  ^>oiiited.  The  assistant  did  not  recol- 
lect whether  he  verified  the  alignment  of  the  gun  or  not. 

Line  (No.  5)  in  1  old  box  A.  In  the  above  cases  the  line  was  emptied 
from  their  own  faking-boxes  into  those  designated  in  this  transcript 
of  remarks.  Wind  at  office  at  end  of  14th  round,  20.6  miles  per 
hour. 

Line  put  in  tray  before  firing.  The  line  (No.  9,  linen)  was  fired  from 
the  coil  as  received  from  the  manufacturer.  The  line  run  out  in  a 
fusiform  helix,  each  coil  putting  one  twist  in  the  line.  For  this  and 
the  subsequent  rounds  the  Casella  air  meter  for  determining  the 
surtace  velocity  of  the  wind  was  placed  50  yards  in  front  of  the  gun 
instead  of  200  yards  in  front,  as  before. 

Line  emptied  into  tray.    Nearly  all  of  the  line  carried  out. 

Line  emptied  into  tray.    Three  tiers  of  fakes  left  in  tray. 

Line  emptied  into  tray.  Line  broke  18^  vards  on  shot.  Projectile 
rotatea  about  shorter  axis ;  shank  slightly  bent  when  shot  struck 
the  ground.    Range,  920  yards. 

Line  emptied  into  tray  before  firing. 
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1.  Synoptical  transcript  of  notes  fronn  the  firing  record — Gontinuecl. 
Gun  a. — Caliber,  3  inches — Continued. 


Date. 


May     21 


May     22 


8 


o 


20 


21 
22 

23 
24 

25 


26 


27 


28 


Line  emptied  into  tray  before  tirinjB?.  In  faking,  about  a  dozen  coils 
had  been  placed  in  the  bottom  of  the  bos  before  proceeding  with 
the  faking ;  when  ready  to  tire,  these  loose  coils  were  on  top  of 
course,  and  not  being  faked  in  small  lengths,  allowed  excessive 
amplitude  of  vibration  at  the  instant  of  discharge.  The  line  broke 
short  off,  not  even  taking  out  all  the  (*oils.  The  fakes  below  were 
undisturbed.  Range  of  shot,  930  yards,  carrying  6^  yards  of  line 
with  it. 

Line  put  in  tray  before  firing. 

Line  put  in  tray  before  firing,  in  three  lots.    [Was  faked  in  three 
boxes.  ] 

Line  jmt  in  tray  before  firing. 

Line  put  in  tray  before  firing.  The  above  24  shots  were  fired  with 
*'  electric  primers"  for  convenience. 

Fired  out  to  sea.  Estimates  of  range  made  in  this  and  three  suc- 
ceeding shots  by  4  different  persons,  all  accustomed  to  estimating 
distances  on  the  water.  The  reconled  range  (300  yanls)  is  below 
ail  estimated  ranges  given,  so  as  to  be  sure  to  fall  within  the  limits 
of  truth.  The  writer  places  little  faith  in  estimated  distances,  ai» 
they  generally  are  very  inaccurate,  especially  upon  water. 

Fired  out  to  sea.  Line  wet,  rough,  stiff,  and  covered  with  sand.  It 
lay  in  loose  coils  on  the  beach  where  it  had  been  hauled  in  "  haad> 
over-hand  "  through  the  water  and  sand.  Action  of  the  line  pretty 
good ;  a  few  snarls  were  seen,  but  they  were  very  small.  Kauge 
variously  estimated  from  275  to  300  yards  by  those  present. 

Fired  out  to  sea.  Same  line  hauled  in  and  placed  on  the  sand  in  two 
loose  coils.  Line  wet  and  sandy,  kinked  badly.  Range  variously 
estimated  from  180  to  275  yards ;  recorded  as  between  180  and  20i[> 
yards. 

Fired  out  to  sea.  Line  hauled  in  and  placed  in  one  coil  on  the  beach. 
All  kinks  or  snarls  removed.  Action  of  line  very  good,  no  snarls. 
Estimated  range  "about  same  as  last  shot,"  but  reconled  as  175 
yards.  Absorption  of  water  by  the  line  evidently  tells  more  or  less 
upon  the  range. 

"Service  primers,  long,"  used  for  last  four  shots.  The  same  line 
(Italian  hemp  No.  4^)  and  projectile  were  used  in  firing  the  ftuir  shots 
to  sea.  Heavier  charges  of  powder  would  have  been  used,  but  none 
heavier  happened  tt»  be  at  hand  at  the  time.  The  ol»ject  of  the  shot 
was  more  to  witness  the  actitm  of  tlie  line  when  wet  and  sandy 
than  to  obtain  any  definite  range.  Action  of  gun-carriage  on  sandy 
beach  very  good. 
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1.  Synoptical  tramcript  of  notes  from  the  firing  record. 
Gun  B.— -Caliber,  2  inches. 


Date. 


S 


1878. 
3Iarch    8 


^larch  16 


:May     11 


3Iay     13 


May     20 


May     22 


May     23 


6 


8 

9 
10 
11 

12 
13 


14 


15 
16 
17 
18 
19 
20 

21 

22 


23 
24 
25 


For  thiB  and  tlie  four  succeeding  rounds  the  smooth-bore  bronze  gun 
B  was  mounted  upon  a  block  of  wood  weighing  48  poimds.  Italian 
hemp  line  No.  3^  broke  close  to  the  shot.  Projectile  ranged  over 
700  yards,  and  was  lost  in  a  wooded  tract  of  land. 

Shot  had  no  cap  and  was  placed  in  the  gun  with  its  base  toward  the 
muzzle.     One  ^inch  wo<>den  sabot  U8<3..    A  good  line  shot. 

No  cap  on  shot ;  one  salwt  uswl;  base  of  shot  toward  muzzle.  About 
100  yards  of  old  linen  line  (diameter  0".22)  used,  between  the  shot 
and  hemp  line  No.  3^,  to  receive  the  first  shock  of  the  discharge. 
The  large  line  broke — ^probably  burned  off  inside  the  shot  by  Sie 
gas  which  entered  the  axial  cavity. 

Lead  projectile  "upset"  slightly  by  the  shock  of  discharge.  Only 
one  rotation  of  shot  about  shorter  axis  could  be  detected.  Flight 
of  shot  and  action  in  the  trajector}-  excellent.  Bore  of  gun  found 
to  be  "leaded/'  due  to  the  upsetting  of  the  shot  and  the  consequent 
friction. 

Same  projectile  used.  It  had  probably  been  bent  slightly  by  striking 
the  ground,  and  had  to  be  filed  a  little  in  order  to  enter  the  bore. 

Velocity  of  wind  18.18  miles  per  hour  as  indicated  by  a  Robinson 
anemometer  upon  the  ordnance  office  at  Sandy  Hook.  This  instru- 
ment was  about  50  feet  above  the  surface  of  the  ground  and  200 
yards  from  the  firing  x)oint. 

Velocity  of  wind  15  miles  per  hour  by  office  anemometer  juat  before 
experiments  began.  Base  of  shot  flush  with  the  face  of  the  muzzle 
when  the  gun  was  loaded.    Wind  variable. 

Base  of  shot  flush  with  face  of  piece.  Wind  almost  calm  at  instant 
of  firing. 

Base  of  shot  flush  with  face  of  piece.    Wind  increasing. 

Base  of  shot  flush  with  face  of  piece. 

Base  of  shot  flush  with  face  of  piece.    Vibrations  of  line  started  the 

I    dovetailing  in  end  of  faking-box. 

Base  of  shot  flush  with  face  of  piece. 

Base  of  shot  flush  with  face  of  piece.  Powder  charge  compressed  in 
loading.  Wind  at  office  12.4  to  13.9  miles  to  20  miles  |>er  hour  a« 
taken  within  10  minutes  after  round  13  was  fired,  from  the  anemo- 
meter on  the  building.  Wind  very  variable  during  the  whole  fore- 
noon.      , 

Base  of  shot  flush  with  face  of  piece.  Projectile  rotated  about  its 
shorter  axis  throughout  the  greater  part  of  the  trajectory.  Vibra- 
tions of  line  No.  3|  started  dovetailing  of  box  D  on  side  next  to  the 
gun. 

'I&ailings  of  Casella  anemometer  not  taken  at  200-yard  stake— no 
time.  Direction  of  wind  variable  within  small  azimuthal  limits — 
general  direction,  "head  wind."  Velocity  of  wind  at  office  (Rob- 
mson  anemometer,  elevation  about  50  feet)  varied  from  18  miles 
to  24  miles  per  hour;  wind  came  in  gusts;  weather  damp,  and 
showery  part  of  the  time.  S.  I.  Kimball,  general  superintendent 
United  States  Life-Saving  Service,  andCapt.  J.  H.  Merryman,  United 

^     States  Revenue  Marine,  mspector  of  that  service,  both  present. 

Fired  directly  against  the  wind  and  out  to  sea.  Line  either  cut  on 
button  of  box  or  broken ;  appeared  to  be  cut ;  uncertain.    Shot  lost. 

Fired  out  to  sea  directly  against  wind.  Range  estimated  i>y  those 
present  to  be  fh>m  400  to  450  yards ;  true  range  unknown ;  lowest 
estimate  inserted  in  table.    Velocity  at  office  S^  miles  per  hour. 

Reading  of  anemometer  uncertain ;  probably  too  great.  Shot  rotated 
several  times.    Line  in  tray. 

Line  emptied  into  tray  before  firing.  Shot  rotated  in  horizontal 
plane. 

Line  emptied  into  tray  before  firing. 
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1.  Sytwpticdl  transcript  of  iiotes  from  the  firing  record. 
Gun  C. — Caliber  2.5  inches. 


Date. 


8 


10 


9 


o 

• 


1878. 
May      6. 


2 
3 
4 
5 
6 
7 


8 

9 

10 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 


22 


23 


24 


25 


Reading  of  auemometor  uncertain,  instrument  not  leveled.  The  gun 
was  discharged  by  means  of  **  service  friction  primers,  short,"  from 
the  Ist  to  the  6th  round,  both  inclusive. 

Anemometer  reading  uncertain. 

Gun  probably  aimed  to  the  right. 

No  remarks. 

No  remarks. 

No  remarks. 

"Service  primer,  long;**  one  failed  to  explode.  These  primers  were 
used  from  the  7th  to  20th  round,  both  inclusive.  Lanyard  used  in 
connection  with  these  primers. 

A  couple  of  fakes  caught  and  knotted. 

Two  small  knots  in  line. 

One  lar^e  knot ;  fakes  got  looped  over  each  other  and  carried  out  a 
long  Knot.  Velocity  of  wind  15  miles  per  hour,  by  instrument  on 
top  of  office  (about  50  feet  above  the  ground),  distant  about  200 
yards  from  firing  point. 

No  remarks. 

Vibrations  of  line  split  the  end  of  the  faking-box  next  to  the  gun. 

No  remarks. 

No  remarks. 

Velocity  of  wind  18.95  miles  per  hour,  by  instrument  on  office. 

Wind  very  light. 

Wire  pulled  out  of  primer,  and  the  gun  ^^hung  fire." 

Two  knots  in  line,  one  small  and  one  large  :  fakes  caught  each  other. 

One  large  knot  in  line ;  fault  of  man  who  faked  the  line. 

Loosened  end  of  fakiug-box.  Line  whipped  out  in  knots,  but  all  the 
kuota  came  out  while  the  line  was  in  the  air. 

Line  No.  3^  (Italian  hemp)  broke  near  the  knot  where  it  was  tied  to 
linen  line  No.  7.  A  piece  of  new  linen  line  No.  7,  150  yards  in 
length,  was  fastened  to  the  shot  to  receive  the  first  shock  of  the 
discharge,  and  the  other  end  was  made  fast  to  Italian  hemp  line 
No.  3^.  The  small  line  broke,  and  the  shot  ranged  550  yards,  carry- 
ing the  150  yards  of  heavy  line  with  it.  The  shot  fell  &  feet  to  the 
left  of  the  plane  of  fire.  A  careful  examination  of  hemp  line  No. 
3^  disclosed  the  fact  that  it  was  quite  brittle  in  fiber,  harsh  to  the 
touch,  and  that  it  could  be  broken  easily  by  using  the  hands  alone. 
Dipping  the  line  in  water  increased  its  tensile  strength  very  much. 
The  fibers  of  the  Italian  hemp  appeared  to  be  so  brittle  that  the 
smallest  lines  made  from  it  are  almost  worthless.  Commenced 
using  '* electric  primers*'  with  this  round. 

The  same  piece  of^  linen  line  (150  yards  of  No.  7  line)  used  in  above 
round  was  tied  as  before  to  a  No.  3^  linen.  Either  one  of  the  lines 
broke  at  the  knot,  or  else  the  knot  slipped  and  came  untied.  There 
was  nothing  in  the  appearance  of  the  ends  of  the  lines  to  Indicate 
which  had  actually  occurred.  The  shot  with  the  large  line  attached 
ranged  541J  yards,  and  fell  6  feet  to  the  left  of  the  plane  of  fire. 

Velocity  of  wind  at  office  (elevated  anemometer)  12.81  miles  per  hour. 
The  shot  carried  out  all  the  line  (linen  No.  3^),  the  end  being  found 
30  yards  from  the  fakiug-box.  There  were  seven  kinks  found  in 
the  line,  two  of  which  were  pretty  bad  ones. 

Line  (Italian  hemp  No.  A\)  broke  ;  cause,  lateral  vibrations  and  brit- 
tleness  of  fibers.  Shot  carried  away  30^  yards  of  line.  Range  of 
projectile,  807  yards;  deviation  from  plane  of  fire,  60  feet  to  the 
left. 

Velocity  of  wind  at  office  15.93  miles  per  hour. 
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1.  Synoptical  transcript  of  notcB  from  ths  firing  record — Coutinued. 
Gun  C— Caliber  2.5  inches — Continued. 


Da.'e. 


o 


1878. 
May      10 


30 
31 
32 
33 


26  Started  the  dovetailing  of  faking-box  C,  near  the  top,  on  the  side 
\  i  nearest  to  the  gun.  This  box  had  one  hasp  broken  in  tranaporta- 
I  tion.    The  bra^  hinge-pin  had  been  riveted  too  tightly. 

27  No  remarks. 
11     28  I  Italian  hemp  line  No.  7.    The  line  broke  squarely  off,  leaving  27  feet 

attached  to  the  shot.    The  violence  of  the  up-and-down  vii>ration8 

I      of  the  line  was  sufficient  to  split  the  bottom  of  the  faking-box. 

Range  of  shot,  al>out  1,100  yards. 

29     Broke  end  of  faking-box.    Velocity  of  wind  at  office,  from  observa- 

I      tions  two  minutes  apart,  was  34.6  miles  and  36  miles  per  hour. 

Five  minutes  after  shot  was  fired,  surface  velocity  of  wind  was  25 

I      feet  and  31.66  feet  per  second. 

"Wind  gusty.  Direction  of  wind  ("  side  wind  ")  caused  the  line  to  drift 
badly  toone  side  of  the  plane  of  tire.  A  strong  rear  or  side  wind 
allows  the  projectile  to  move  more  or  leas  sidewise,  thus  exposing 
mi)re  surface  to  the  action  of  the  air,  and,  consequently,  increasing 
the  resistance  of  the  air  and  diminishing  the  range.  With  a  strong 
head  wind,  the  strain  of  the  line  upon  the  oblong  projectile  appears 
to  keep  the  point  up  and  to  extend  the  range  somewhat.  During 
one  honr  the  velocity  of  the  wind  was  taken  at  equal  intervals  at 
the  office  (anemometer  50  feet  al>ove  the  ground)  with  the  follow- 
ing serial  results,  viz:  11.54,  19.0,  17.47,  21.18,  26.86,  22.8,  22.0, 
19.1^.  11.92,  18.7,  24.3,  12..5,  24.6,  22.5,  30.5,  26.4,  and  22.5  miles  per 
hour.  In  round  No.  33,  Italian  hemp  line  No.  4,  '*  ordinary  tinish," 
drifted  so  far  to  the  left  that  it  fell  into  the  salt  water.  The  exact 
"drift"  could  not  be  measured,  but  was  a  littl  ^  more  than  75 
yards.  The  line  caught  on  an  old  jetty  under  the  water ;  two  men 
pulling  on  the  wet  line  could  not  break  it,  though  each  of  them 
took  a  couple  of  turns  around  his  arm  and  placed  the  line  over  his 
slioulder  in  order  to  exert  more  fully  his  strength.  The  line  was 
cut  in  order  to  recover  it.  The  wet  line  was  very  difficult  to  fake, 
being  stiff  and  rendered  sticky  by  the  loosened  starch  finish. 
22  I  34  Line  emptied  fi-om  faking-box  into  tray  before  fixing.  Shot  rotated 
three  or  four  times, 

35  I  Line  emptied  into  tray  as  before.    Shot  rotated  about  five  or  six  times, 
j      Velocity  of  wind  at  office  21.9  miles  per  hour. 

36  Line  emptied  into  tray  as  before.  All  of  the  line  carried  out  except  4 
tiers  of  fakes. 

37  '  Line  emptied  into  tray  as  before.    All  of  the  line  but  about  50  yards 
'      carried  out. 

38  I  Line  emptied  into  tray  as  before.  All  of  the  line  carried  out.  End  of 
line  10  yards  from  tray.     Line  had  too  much  paraffine  on  it ;  felt 

I      very  greiisy. 

39  Line  emjitied  into  tray  as  before.    All  of  the  line  (No.  5)  except  9 
'      tiers  carried  out. 

40  Line  emptied  into  tray  as  before.  All  but  7  tiers  of  the  line  carried 
out.  Wind  gusty  during  the  above  experiments  for  this  day. 
Velocity  of  wind  at  office  17  miles  per  nour,  immediately  after 
fortieth  round. 

41  I  Fired  out  to  sea  directly  against  the  wind.  No  drift  to  the  line. 
Alwut  600  yards  of  line"  di*awn  out  of  box.  Range  unknown ;  lowest 
estimate  given  by  those  present  was  over  450  yards.  Probably  did 
not  vary  much  from  that  distance.  Action  of  projectile  in  the 
trajectory  during  its  flight,  excellent.  Shot  recovered  by  hauling 
in  line.     Recoil  of  gun  and  carriage  15  feet. 
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1.  Synoptical  transcript  of  iiotesfroni  the  firing  record — ^Continued. 
Gun  C. — ^Caliber  2.5  inches — Continued. 


Dat«. 


1378. 
May     22 


a 
s 

S 


S 


42 


Fired  to  sea  directly  against  the  wind.  The  line  was  in  loose  coils  on 
the  sandy  beach.  The  wet  line  was  hanled  in  through  the  water 
and  sand  ^4iand-over-hand  '*  and  coiled  without  any  care  whatever, 
in  order  to  ascertain  what  could  1>e  done  in  a  similar  case  when  the 
circumstances  required  great  haste.  This  line,  with  the  '*  water- 
proof finish/'  was  stiff,  out  held  less  sand  and  was  not  nearly  so 
sticky  as  that  having  the  *'  ordinary  finish. '^  It  was  de^)08ited  in 
three  coils  near  together,  and  was  fired.  The  first  coil,  though 
somewhat  kinky,  ran  out  pretty  well ;  part  of  second  coil  ran  out, 
when  the  remainder  was  caught  up  by  a  vibrating  loop,  forming  a 
bad  tangle,  through  which  the  cord  was  drawn  tightly  until  it 
broke  or  was  cut  by  the  other  coils.  This  large  mass  of  ro*i)e,  over  a 
foot  in  diameter,  was  carried  out  to  sea  over  80  yards  before  the 
line  parted.  The  recoil  of  the  gun-carriage  was  al>out  the  same  as 
in  the  previous  shot.  The  action  of  the  gun-cania^e  upon  the  sand 
was  unexceptionable ;  it  slided  to  the  rear  easily  without  any 
tendency  to  turn  over  whatever. 
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CHAPTER  III. 

VELOCITY  AKD  FOECE  OF  THE  WIND. 

In  this  chapter  will  be  given  tables  containing  the  velocities  of  the  wind 
from  one-hundredth  of  one  foot  per  second  to  one  hundred  and  fifty  feet 
per  second,  with  their  equivalents  in  miles  per  hour ;  also  the  pressure 
per  square  foot  in  pounds  for  the  different  velocities  of  the  wind  from 
one  mile  to  one  hundred  miles  per  hour. 

The  velocities  of  the  wind  as  recorded  by  the  signal  service  self-regis- 
tering anemometer  are  given  for  the  days  upon  wluch  experiments  were 
made  at  Sandy  Hook,  N.  J. 

The  data  for  Sandy  Hook,  K.  J.,  were  kindly  furnished  by  the  Chief 

Signal  Officer  of  the  Army  and  by  Sergeant  P.  J.  Huneke,  United 

States  Signal  Service. 

I. 

Table  of  velocities  of  the  wind. 
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Office  of  Observation  Signal  Service  U.  S.  A., 

Sandy  Hook,  K.  J.,  May  23,  1878. 

Lieutenant  :  I  have  the  honor  to  submit  the  requested  iuformation 
in  regard  to  the  velocity  of  wind  on  stated  dates  and  hours,  as  far  as  the 
records  now  at  this  station  enable  me  to  do  so.  I  have  written  to  the 
Chief  Signal  Office  for  the  missing  data  [t.  e.  for  May  7  to  May  14, 

1878]. 

Elevation  of  anemometer  above  groundy  40'  7". 


Date. 


Mat  21 
Mar  22 
Hay  23 


Time. 


10.00  a.  m.  to  2.00  p.m. 
10.00  a.  m.  to  3.00  p.  m . 
10.00  a.  m.  to  12.00  m.. 


Honrly  velocity. 

Total  nnm- 
))erofmile«. 

• 

10  to  11. 

11  to  12. 

12tol. 

lto2. 

2(0  3. 

• 

12 
23 
18 

10 
19 
13 

13 
22 

12 
20 

"ih" 

47 
00 
31 

Average 

hourly 

velocity. 


11.75 
19.80 
16.60 


Yery  respectfully,  vour  obedient  servant, 

P.  J.  HUNEKE, 
Sergeant  Signal  Service  United  States  Army. 
D.  A.  Lyle, 

Lieutenant  of  Ordnance^ 

Sandy  Hook,  K.  J, 

IV.  Bemabks  on  the  effect  of  a  cueeext  upon  the  shot-line, 


After  communication  has  been  established  between  the  shore  and  a 
stranded  vessel  by  means  of  the  shot-line,  another  troublesome  factor 
often  intrudes  itself  into  the  problem.  By  this  is  meant  the  effect  upon 
the  line  of  an  inshore  current  running  parallel  to  the  coast  and  between 
the  shore  and  vessel,  commonly  called  by  surfmen  the  "set." 

There  is  little  doubt  that  the  influence  of  this  current  has  been  usually 
imderrated  in  those  attempts  to  haul  off  a  whip-line  or  hawser  which 
have  failed.  Ko  definite  calculations  upon  the  effect  of  this  current  can 
be  made  at  the  present  time  from  the  lack  of  the  necessary  experimental 
data.  This  subject  has  already  engaged  the  attention  of  the  Chief  of 
the  Life-Saving  Service,  and  steps  have  been  taken  for  the  purpose  of 
eliciting  information  upon  this  important  point. 
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PART  IV. 
HISTORICAL. 

NOTE. 

This  part  of  the  report  is  devoted  to  the  history  and  use  of  the  Manby 
apparatus,  to  some  others  of  more  recent  date,  and  to  the  Boxer  life-sav- 
ing rockets. 

The  Manby  apparatus  is  described  in  detail  in  books  not  generally 
accessible  to  those  most  interested  in  the  results  of  Cax)tain  Manby's  ex- 
periments. 

The  same  may  be  said  in  regard  to  the  Boxer  life-sa\ing  rocket,  which 
is  now  generally  used  in  England,  and  is  also  used  to  some  extent  in 
this  country. 

The  descriptions  transcribed  have  been  accredited  to  the  sources  from 
which  they  were  taken,  and  have,  by  preference,  been  given  in  the 
I)hra8eology  of  their  authors. 

These  extracts  exhibit  the  results  of  many  valuable  experiments.  It 
is  of  the  first  importance  that  those  charged  with  the  use  of  such  apparatus 
should  be  in  possession  of  all  the  knowledge  upon  the  subject  that  can 
be  obtaine<l. 

Xhe«desire  of  the  writer  to  place  these  iustnictive  papers  within  the 
reach  of  the  keepers  of  life-sa>ing  stations  must  be  his  apology  for  intro- 
ducing them. 

D.  A.  L. 


CHAPTER  I. 
Section  I.  History  of  Manby's  life-saving  apparatus. 

[Extract  from  Eucyclop«(lia  Britannica,  eighth  edition,  Vol.  XIII,  pp.  440-445.] 

It  had  occurred  to  Lieutenant  Bell,  in  1791,  that  a  roi>e  might  be  thrown 
from  a  ship  which  had  struck,  by  means  of  a  mortar  carrying  a  heavy 
shot,  and  upon  the  jmnciple  of  the  gun-haii)oon ;  and  he  showed  the  practi- 
cability of  the  suggestion  by  an  actual  experiment,  in  which  a  deep-sea 
line  was  canied  to  a  distance  of  about  400  yards.  (Titans.  Soc.  Art«. 
XXV,  p.  136.)  He  recommended  that  every  ship  shoidd  be  providetl 
with  a  mortar  capable  of  carrying  such  a  shot,  and  observed  that  it  might 
l)e  placed  on  a  coil  of  rope  to  be  fired,  instead  of  a  eairiage.  The  line  was 
to  be  coiled  on  handspikes,  which  were  to  be  drawn  out  before  the  mor- 
tar ^Vils  tilled. 

In  1702  he  received  a  premiimi  of  fifty  guineas  from  the  Society  of 
Arts  (Transactions,  X.,  p.  ^04);  and  he  obtained  his  promotion  in  the 
ordnance  as  an  acknowledgment  of  his  merits.  The  shot  was  to  weigh 
alnnit  (>0  pounds  or  more,  and  the  mortar  5  or  C  cwt.  The  experiments 
of  the  French  artillery  at  Lafere  were  subsequent  to  those  of  Mr.  Bell, 
tluHigli  they  have  sometimes  been  (juoted  as  the  first  of  the  kind.   •  •  ♦ 

The  means  to  be  eni])loyed  by  persons  on  shore,  in  cases  of  shipwreck^ 
de])end  either  on  projecting  a  line  over  the  ship  or  on  the  use  of  a  life- 
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boat.  Mr.  Bell  had  cursorily  observed  that  a  line  might  be  carried  over 
a  ship  from  the  shore  by  means  of  his  mortar ;  but  for  the  actual  execu- 
tion of  this  proposal,  in  a  variety  of  cases,  we  are  indebted  to  the  meri- 
torious exertions  of  Capt.  O.  W.  Manby,  whose  apparatus,  according  to 
the  report  of  a  committee  of  the  House  of  Commons,  dated  in  March, 
1810,  appears  "to  l)e  admirably  adapted  to  its  purpose,  and  to  have  been 
attended  with  the  fiillest  success  in  almost  every  instance."  In  conse- 
quence of  this  report.  Captain  Manby  was  thought  worthy  of  a  Parlia- 
mentary reward;  ana  he  afterwards  published  a  description  of  his  inven- 
tions, under  the  title  of  "An  Essay  on  the  Preservation  of  Shipwrecked 
Persons.  8vo.  London,  1812.'^  He  had  previously  received  a  gold 
medal  from  the  Society  of  Arts  in  1808  (Transactions,  XXVI,  i>.  209).  His 
success  makes  it  expedient  to  extract  from  his  essay  a  detailed  descrip- 
tion of  the  ajiparatus,  and  it  will  be  easy  to  make  it  somewhat  more  in- 
telligible bj'  a  slight  alteration  of  the  order  of  arrangement: 

The  method  of  affixing  a  rope  to  a  shot  for  the  purpose  of  effecting  commuuicatioii. 
when  projected  from  a  piece  of  ordnance,  over  a  stranded  vessel,  was  at  length  succeedea 
in  by  intnMlucing  a  jagged  piece  of  iron,  witli  an  eye  at  the  top,  into  a  shell,  and  se- 
curing it  by  tilling  tifie  hollow  sphere  with  boiling  lead;  and  in  another  way,  by  drill- 
ing a  liole  through  a  solid  ball,  and  passing  a  piece  of  iron,  with  an  eye  to  it,  as  before 
described,  to  the  bottom,  where  it  should  be  well  secured  t)V  riveting. 

To  produce  the  means  of  connecting  a  i-ope  to  a  shot,  and  prevent  its  being  burnt, 
and  rendering  it  **iiTesi8tible"  to  the  powerful  inflammation  of  gunpowder,  was  the 
labor  of  infinite  time,  and  the  niuuber  of  experiments  to  accomplish  it  is  iMjyond  all 
possible  conception.  Chains  in  every  variety  of  form  and  great  strength  breaking, 
proved  that  it  required  not  only  an  elastic  but  a  closer  connected  body.  At  len|;tii 
some  st-out  platted  hide  (Fig.  5,  Plate  XL VII),  woven  extremely  close  to  the  eye  of  the 
shot,  about  2  feet  in  length  beyond  the  muzzle  of  the  i)iece,  and  with  a  loop  at  the  end 
to  receive  the  rope,  happily  effected  it. 

This  method  is  certainly  desirable,  as  the  rope  may,  immediately  [as]  it  is  required, 
be  affixed  to  the  loop,  and  ap^)lied  in  service.  The  form  of  the  platt<Hl  hide  may  like- 
wise be  woven  by  twisting  it  in  the  manner  that  the  laahes  of  whips  or  ropes  are  spun. 
There  is  another  method,  oy  passing  a  rope  throtigh  a  case  of  leather,  taking  the  gi'eat- 
est  care  that  it  is  so  well  secured  at  the  eye  of  tne  shot  as  to  leave  no  room  for  the 
slightest  play,  as  is  represented  by  the  annexed  barbed  shot*    (Fijj.  6,  Plate  XL  VII.) 

When  the  crews  of  the  distressed  vessel  are  incapable  of  availing  themselves  of  the 
benefits  arising  from  communication,  they  having  previously  lashed  themselves  in  the 
rigging  to  prevent  being  swept  away  by  the  sea,  which  is  repeatedly  breaking  over 
them,  and  when,  from  long  fatigue  and  the  severity  of  the  storm  (on  which  occasion 
it  too  frequently  occurs),  they  totally  lose  the  use  of  their  lim1>s  and  are  rendered 
incapable  of  assisting  themselves  in  the  slightest  degiH^e,  the  advantages  of  this  shot 
are,  that,  on  its  being  projected  over  the  vessel  and  the  peo])le  of  the  snore  hauling  it 
in,  it  firmly  secures  itself  on  some  part  of  the  wreck  or  rigging,  by.  which  a  boat  can 
be  hauled  to  the  relief  of  the  distressed  obiects,  and  by  the  counterbarbs  it  is  rendered 
impossible  [that  it  should]  give  up  its  hold,  or  slip,  while  that  part  of  the  wreck  re- 
mains to  which  it  has  secured  itself. 

Among  the  many  that  have  been  saved  by  this  shot,  the  following  are  testimouiaLs 
of  a  few  of  the  cases : 

**We,  the  crew  of  the  brig  Nancy,  of  Sunderland,  do  hereby  certify  that  we  were  on 
board  of  the  said  vessel  when  she  was  stranded  on  the  beach  of  Yarmouth,  on  Friday 
morning,  the  15tli  of  December,  1809,  and  compelled  to  secure  ourselves  in  the  rigging  to 

Srevent  being  swept  away,  the  sea  running  so  high  on  the  vessel.     And  we  do  furtiier 
eclare  and  certify  that  Captain  Manby,  tiring  a  rope  with  a  hooked  shot,  securely 
holding  on  the  wreck,  enabled  a  boat  to  be  hamed  from  the  shore  over  the  surf  to  our 
relief,  otherwise  we  must  inevitably  have  perished.'' 
This  certificate  is  attested  by  six  signatures. 

Facilitating  communication  is  at  iill  times  of  importance ;  but  when  the  stranded 
vessel  is  in  momentarj-  danger  of  going  to  pieces,  this  point  becomes  a  consideration 
of  extreme  urgency.  I  feel  a  persuasion  that  this  particular  service  can  only  be  car- 
ried into  effect  by  a  small  and  light  piece  of  ordnance,  the  range  of  which  is  conso- 

*  The  writer  can  find  no  record  of  the  adoption  by  any  government  or  society  of 
Manby's  barbed  shot,  or  of  any  other  anchor  shot.  Thus  far  the  use  of  this  class  of 
projectiles  seems  to  have  been  limited.  Many  practical  difficulties  in  regard  to  their 
efficient  use  yet  remain  to  be  overcome. — D.  A.  L. 
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Fig.  3. 


quently  very  inconsiderable,  when  compared  witli  that  of  a  large  and  heavier  piece, 
a«  it  is  weight  alone  that  conveyH  the  ro]>e.  In  order,  therefore,  to  in- 
crease the  lowers  of  a  shot  projected  from  a  small  mortar,  its  natural  form 
must  l>e  varied  so  as  to  give  it  additional  **  preponderance/'  The  annexed 
ahai)e,  in  the  form  of  a  pear  (Fig.  3),  has  been  used  with  the  greatest  suc- 
cess :  for,  by  the  increased  weight,  the  shot's  momentum  and  power  over 
the  line  is  in  consequence  considerably  augmented  in  its  range ;  and  when  made  to 
fit  the  piece  as  close  as  possible,  a  great  increase  of  velocity  is  lilce  wise  produced  from 
that  decrease  of  windage. 

Portability  in  the  construction  of  a  piece  of  ordnance  (as  lust  described)  is  the  very 
essence  of  this  service ;  and  communication  with  the  strantled  vessel  or  wreck  may  be 
effected  with  a  cord,  by  which  cord  a  rope  can  be  conveyed,  and  by  that  rope  a  haw- 
ser or  cable  sent  to  the  distressed  vessel ;  for  this  punwse  the  annexed  was  constructed. 
(Fig.  7,  Plate  XL VII.) 

A  person  completely  equipped  with  every  necessary  apparatus  to  effect  communica- 
tion with  a  vessel  driven  on  a  lee  shore,  *  *  *  the  hoi>M'man,  fully  equipped,  trav- 
eled a  mile  and  a  half,  the  howitzer  was  dismounted,  and  tbe  line  projected  153  yards, 
in  six  minutes. 

The  apidication  of  a  small  i)iece  of  ordnance  likewise  oft'ers  particular  advantages, 
capable  of  being  employed  frt)m  a  boat  to  go  to  the  assistance  of  a  vessel  grounded  on 
a  i»ar  when  running  for  a  harbour,  the  necessitv  of  which  rei)catt'dly  occurs,  and  was 
twice  witneased  at  Blakeney  (»n  the  10th  of  November.  IHIO,  when  boats  endeav- 
oured to  go  to  their  relief,  and  were  enabled  to  get  out  i>f  the  harlKMir  on  the  ebb  tide, 
within  '20  yards  of  the  vessel ;  l)ut  it  was  found  impossibU?  to  approach  them  nearer. 
Had  such  boats  been  provided  with  a  piece  of  this  description,  and  the  same  firmly 
secured  on  a  stout  piece  of  plank,  by  the  holes  left  at  each  corner  of  the  iron  bed,  they 
might  have  projectetl  a  small  rope,  coiled  in  a  crate  or  basket  made  to  the  form  of  the 
bow  of  the  l)oat ;  and  the  j>ei*sons  in  the  boat  so  provided  would  not  have  remained 
the  distressed  spectators  ot  tin*  untimelv  end  of  their  fellow-creatures  without  being 
able  to  afford  tnem  the  smallest  wlief.  although  so  little  was  then  wanted  for  that  de- 
sirable purpose. 

Although  advantages  have  l>een  pointed  out  in  the  use  of  these  small  mortars,  it  is 
necessary  to  be  kept  m  I'eniembrance  that  they  are  produced  for  particular  services,  as 
the  nature  of  the  coast  and  circumstances  attending  the  distressed  vessel  will  direct 
what  piece  is  best  adapted  to  the  un<iertaking. 

To  enable  the  mind  to  form  a  judgment  of  what  can  be  effected  by  other  pieces,  the 
following  are  the  minutes  of  experiments  made  with  a  5i-inch  brass  mortar,  stating  the 
quantity  of  jjowder  used,  and  distance  the  ropes  were  i>rojected  against  a  strong  wind, 
at  the  angle  of  17*^  (elevation),  weight  of  the  mortar  and  bed  about  300  pouu<ls : 


Oaoces  of  powder. 


Yards  of  It-inch   j  Yards  of  deep-sea 
rope.  I  line. 


4 

6 

8 
10 
12 
14 


134 
199 
184 
207 
235 
250 


148 
182 
215 
249 
290 
310 


With  a  short  8-inch  mortar,  the  weight  of  which  and  bed  was  supposed  t^)  be  about 
700  pounds,  the  angles  of  elevation  uncertain : 


•Yards of  2-inrh  patent 

x^.mI.  «.if  Jaa«.  .^a       Sunderland  roi)e,  oa- 

Ounces  of  powder.     ^  *""  ^Lz    ^  pable  of  hanlinK  the 

"°'^'  '    largt'st  Iwat  from  a 

lieac'h. 


32 

439 

32 

479 

32 

336 


Directions  for  wting  the  apnaratni*. — ^When  the  rope  (which  should  l»e  pliant  and  well 
stretched)  is  brought  on  tlie  beach  or  clift"  opposite  to  the  stranded  ves-sel,  the  most 
even  spot,  and  free  ftx>m  projecting  stones,  suould  be  st»lected  to  lay  it  on,  and  great 
care  be  taken  that  no  two  parts  of  it  whatever  overlay  or  even  toucn  each  other,  nor 
must  it  be  laid  in  longer  lengths  than  of  two  yards.  But  to  project  a  small  line  or  conl, 
it  will  be  necessary,  if  it  is  required,  to  contract  the  faker  to  half  a  yard  at  most,  to 
avoid  the  jerk  received  at  the  end  ot  each  ri^ht  line.  The  best  method,  with  such  a 
description  of  cord,  is  to  lay  it  on  the  ground  m  the  most  short  and  irregular  windings 
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to  relieve  it  from  this  powerful  impnlse.  To  ^rove  the  effect  of  the  impulse  on  a  rope, 
if  it  is  faked  in  lengths  of  10  or  15  yards,  it  will  break  each  time,  as  it  then  becomes  a 
most  powerful  pendulum.  These  precautions  are  absolutely  necessary  to  the  success 
of  the  8er\'ice. 

The  following  has,  after  various  trials,  been  found  a  certain  method  of  laying  the 
rojie,  and  placing  it  into  compartments.     (French  Faking^  Fig.  1,  Plate  XLVIII.^ 

A  particular  attention  to  this  mode  will  never  fail  with  a  good  rope,  when  the  mii>ed- 
iments  are  removed  that  might  otherwise  obstruct  iU  rapid  flignt.  Its  advantages 
are,  that  it  will  allow  the  eye  rapidly  (yet  correctly,  Jm«<  before  firing ,  which  is  abso- 
lutely necessary)  to  pass  over  the  different  compartments,  and  at  once  discover  if  any 
fake  has  been  displaced  by  the  storm,  or  by  any  other  casualty  or  accident  come  in 
contact  with  another  part,  which  would  destroy  its  application  by  the  rope  breaking. 

It  may  likewise  be  coiled  in  the  manner  luied'  in  the  whale-fisherv,  whale  lair  (Fig.  'i, 
Plate  XLVIII) ;  and  in  the  method  called  chain  faking  (Fig.  3,  Plate  XLVIII. )  It  is,  how- 
ever, necessary  to  add  that  great  attention  is  requii-ed  in  laying  it  agreeably  to  the  two 
latter  uiethinls,  arising  not  only  from  the  arm  being  liable  to  get  under  certain  parts  of 
the  rope,  and  thereby  displace  it,  but  from  the  great  anxiety  of  mind  natural  on  these 
occasions,  where  the  lives  of  fellow-creatures  are  literally  dependent  on  the  coiTect- 
ness  with  which  the  rope  is  laid.  It  is  therefore  extremely  difficult,  in  a  moment  of 
agitation,  to  determine  whether  any  overlay  has  taken  place,  an  en*or  tliat  would  infal- 
libly destroy  everj*  endeavour,  and  occasion  even  the  fate  of  those  whose  lives  we  might 
be  exerting  ourselves  to  preserve.  Could  perstuis  in  the  perfonnance  of  this  service  be 
always  collected,  the  two  latter  methods  would  have  a  decided  advantage  over  the  first 
mode  of  faking,  they  being  laid  in  a  much  less  space  of  time.  As  all  these  methods  of 
laying  the  rope  occujiy  time  to  place  it  with  the  care  necessary,  and  as  it  has  repeat- 
edly happened  that  vessels,  very  soon  after  grounding,  have  gone  to  pieces,  and  all 
hands  perished,  it  was  necessary*  to  produce  a  method  of  arranging  the  rope  so  that 
it  could  be  immediately  projected  as  soon  as  it  arrived  at  the  sj>ot ;  and  none  proved 
so  effectual  us  when  brought  ready  in  a  basket  (Fig.  4,  Plate  XLVIII). 

In  this  case,  the  rope  should  be  most  carefully  laid  in  alternate  tiers  or  fakes,  no 
part  of  it  overlaying,  and  it  should  be  well  secured  down,  that  in  traveling  it  be  not 
displaced ;  but,  above  all,  no  mistiike  must  happen  in  placing  the  basket  properly. 
For  example,  that  the  end  of  the  basket,  from  which  the  shot  hangs  in  the  above 
•figure,  should  be  previously  marked,  and  must  be  placed  toward  the  sea  or  wreck,  that 
the  rope  be  delivered  freely,  and  without  any  chance  of  entanglement.  It  will  be 
scarcely  necessary  to  add,  there  will  be  several  tiers  of  the  rope  when  laid.  The 
utmost  care  and  attention  are  required  in  laying  the  rope  in  tiers  with  strict  regn- 
laritv,  to  prevent  entanglement.  The  next  is  the  application  of  the  mortar.  If  the 
wind  is  sideways  to  the  shore,  it  must  be  pointed  sufficientlv  to  wiudwanl  to  allow  f(»r 
the  slack  of  the  rope  lighting  on  the  object,  as  the  rope  will,  of  course,  be  considerably 
borne  to  leeward  by  the  effects  of  a  strong  wind,  and  by  its  being  laid  at  a  low 
elevation  insures  the  roiie  falling  against  the  weathermost  part  of  the  rigging.  While 
this  service  is  performing,  great  care  should  be  taken  to  keep  the  mortar  dr>' ;  nor 
should  it  be  loaded  until  everything  is  rea<ly.  When  that  is  done,  it  should  be  primed  ; 
but  as  it  would  be  impossible  to  do  it  with  loose  powder  in  a  storm,  a  tube  is  con- 
structed in  the  siuipleHt  manner  of  common  writing  ]mper  (the  outer  edge  being 
cemented  with  a  little  gum)  in  this  ftniu  (Fig.  5,  Plate  XLVIII).  It  is  filled  with  meal 
gunpowder,  made  into  jmste  with  spirit  of  wine;  when  in  a  state  of  drying,  run  a  needle 
through  the  center,  and  take  care  the  hole  is  left  open,  f(»r,  ou  the  tube  being  in- 
fiamed,  n  stream  of  fire  darts  through  the  aperture  with  such  force  as  to  perforate  the 
cartridge.  The  mortar  should  then  instantly  be  fired ;  and  in  onler  to  lessen  a  dif- 
fieulty  that  has  often  occurred  in  performing  this  service,  a  pistol  may  be  used,  having 
a  tin  i)ox  over  the  lock,  to  exclude  the  efiVct  of  wind  or  rain  on  the  priming;  and  the 
muzzle  being  cut  [<»bliquely],  dilates  the  infiaiumation,  so  as  to  re<iuire  but  little 
exaetiiexs  in  the  direction  of  the  aim. 

We  will  snpiKise  the  comuninicarion  to  be  secured,  although  it  is  scarcely  necessary 
to  ofier  any  other  assistance  tha!i  that  of  a  rope,  as  the  inventive  genius  of  a  sailor 
will  supply  everything  else;  yet  I  could  expect  the  people  on  sh<»re  to  get  a  boat 
nnidy  for  meeting  the  vessel  when  driven  on  a  beach.  It  is  the  promptest  and  nio^t 
certain  method  of  relief  as  well  as  the  most  easy  to  be  accomplishe  I;  for  by  hauling 
her  off  with  the  rojie  projected,  the  boat's  hi'a'i  is  kept  t(»  the  waves,  and  not  only 
insures  safety  by  rising  t(»  the  surge,  but  prevents  her  upsetting. 

When  the  rope  attached  to  the  shot  (not  having  barbs  to  it)  is  fired  over  the  vessel 
and  lodges,  let  it  l>e  secured  by  those  on  boanl,  auil  made  fsist  to  some  firm  part  of  the 
rigging  or  wreck,  that  they  may  haul  ott'  a  boat  by  it ;  but  should  there  not  be  any 
boat,  then  haul  on  board  by  the  projected  rope  a  larger  one,  and  a  tailed  bhu-k. 
through  which  a  smaller  rope  is  rove.  Let  the  large  rope  be  made  fast  at  the  mast- 
head, between  the  cap  and  the  to;)  of  one  of  the  lower  masts,  ami  the  tailetl  block  a 
little  distance  lielow  it  ;  but,  if  the  masts  should  have  been  cut  or  carried  away,  then 
it  must  lie  matle  fast  to  the  loftiest  remaining  part  of  the  wreck.     When  this  is  dfuie. 
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tbere  will  be  Hnpplied  from  the  shore  a  cot,  hammock^  ncttiu^,  basket,  hoop,  or  auj  of 
the  numerous  resourt'ca  of  seamen,  which  will  riui  on  the  larger  roi>e,  and  be  worked 
by  the  people  on  shore.  If  a  cot  be  iLsed,  the  men  may  bo  so  securely  fiistened  to  it  aa 
to  preclude  all  possibility  of  falling  out,  and  then  be  brought  from  the  wreck,  one  by 
cue,  in  perfect  safety. 

While  comraunicMion  is  gaining,  three  stakes  should  be  driven  into  the  ground  in  a 
triangular  jiosition,  so  as  to  meet  close  at  the  hea<ls  to  support  each  other.  As  soon  as 
coumiunication  has  been  effected  by  the  crew  of  the  vessel  and  they  have  secured  the 
line  attached  to  the  shot  made  fast  to  these  stakes,  the  crew  will  haul  on  board  by  it 
a  large  roi)e  and  a  tailed  block,  through  which  a  smaller  rope  is  to  be  rove,  both  ends 
of  which  (the  smaller  rope)  are  to  be  kept  on  shore.  When  they  have  secured  these  on. 
board  and  the  larger  rope  is  rove  through  the  rollers,  let  a  gun-tackle  purchase  be 
lashed  to  it,  then  lu^h  the  purchase  to  the  stakes.  By  the  means  of  the  purchase  the 
larger  ropt^  may  be  kept  at  a  fit  degree  of  tension ;  for,  if  care  be  taken  to  slacken  the 
purchase  as  the  ship  rolls  out  to  sea,  the  danger  of  the  rope  being  broken  will  be 
guarded  against ;  and,  on  the  other  hand,  if  the  purchase  be  gathered  in  as  the  ship 
rolls  toward  the  shore,  the  slackness  of  the  rope,  which  would  prevent  the  cot  travers- 
ing as  it  ought  to  do  and  xdunge  it  in  the  water  more  than  it  otherwise  would,  will  be 
avoided. 

Supposing  neither  boat  nor  cot  apparatus  at  hand,  first  cast  off  the  shot  from  the 
projected  rope,  and  with  a  close  hitch  let  it  be  put  over  the  head  and  shoulders  of  the 
person  to  be  saved,  bringing  it  close  under  each  arm,  drawing  it  tight,  ohfierving  par- 
ticularly the  knot  18  on  the  breastbone;  for,  by  having  the  knot  in  that  position,  on  the 
people  of  the  shore  hauling  the  perstm  from  the  wreck,  he  will  naturally  he  on  his 
uacK,  consequently  the  face  will  be  up})ermost  to  sieze  every  moment  for  respiratiou 
after  each  surf  has  x>assed  over  the  body. 

If  circumstances  compel  recourse  to  this  method,  care  must  be  taken  to  free  the  rope 
from  any  ]>art  of  the  wreck  and  to  jump  clear  away ;  but  should  there  be  more  than 
one  on  board  each  man  should  make  himself  fast  in  the  same  way  about  four  feet  from 
the  other  aud  join  hands,  all  attending  to  the  same  directions. 

For  giving  relief  to  vessels  stranded  on  a  lee  shore  in  a  dark  and  tempestuons  night. — It  will 
be  requisite,  fii*8t,  to  devise  the  means  of  discovering  precisely  where  the  distressed 
vessel  lies  when  the  crew  ai*e  not  able  to  make  their  situaticm  known  by  luminous  sig- 
nals ;  secondly,  to  produce  a  method  of  laying  the  mortar  for  the  obje(!t  with  as  much 
accuracy  as  in  the  light ;  thirdly,  to  render  the  flight  of  the  rope  perfectly  distinguish- 
able to  those  who  project  it  and  to  the  crew  on  board  of  the  vessel,  so  that  they  can- 
not fail  of  seeing  on  what  part  of  the  rigging  it  lodges,  aud  consequently  have  no  dif- 
ficulty in  securing  it. 

To  attain  the  first  object  a  hollow  ball  was  made  to  the  size  of  the  piece,  composed 
of  layers  of  pasted  cartridge  paper  of  the  thickness  of  half  an  inch,  having  a  lid  on 
the  top  to  contain  a  fuse  (?lg.  6,  Plate  XLVIII),  audit  was  then  filled  with  about  fifty 
luminous  balls  of  star  composition  and  a  sufficient  quantity  of  gunpowder  to  burst  the 
ball  aud  inflame  the  stars.  The  ^se  fixed  in  the  ball  was  graduated  to  set  fire  to  the 
l)ursting  powder  at  the  height  of  300  yards.  Through  tno  head  of  the  fuse  were 
<lrilled  holes  at  equal  [distances],  to  pass  through  them  strands  of  quick-match  to  pre- 
vent the  possibility  of  any  accident  from  the  match  falling  out  or  from  its  not  firing 
the  fuse.  On  the  stars  being  released  they  continue  their  8i)lendor  while  falling 
for  near  one  minute,  which  allows  ample  time  to  discover  the  situation  of  the  distressed 
vessel.  During  the  period  of  the  light  a  stand  with  two  upright  sticks  (Fig.  7,  Plate 
XLVIII),  painted  white  to  r<*nder  them  more  discernible  in  the  dark,  was  ready  at  hand 
and  jK>inted  in  a  direct  line  to  the  vessel. 

A  shell  affixed  to  the  rope,  having  four  holes  in  it  to  receive  a  like  number  effuses 
(beaded  as  l>efore  desiTibed),  and  fifled  with  the  fiercest  and  most  glaring  composition, 
Avhich,  when  inflamed  at  the  discliarge  of  the  piece,  displayed  so  splendid  an  illumina- 
tion of  the  rope  that  its  flight  could  not  be  mistaken. 

To  get  a  boat  from  a  beach  over  the  surf. — The  inqiortance  of  going  to  the  relief  of  ships 
in  distress  at  a  distance  from  the  land,  or  for  taking  oft*  pilots,  w^as  viewed  as  of  tne 
highest  consequence  by  the  elder  brethren  of  the  Trinity  House,  and  ottered  to  my 
particular  attention  by  several  distinguished  characters.  After  numerous  experiments 
to  accomjilish  it  in  various  ways,  the  mode  following  was  most  approved :  About  forty 
fiithoms  of  *i^inch  rope,  made  fast  to  two  moving  anchors,  was  laid  out  parallel  with 
the  shore,  at  a  distance  l)eyond  the  sweep  of  the  surf;  to  the  center  of  tliis  rope  was 
made  fast  a  buoy,  of  sufficient  power  to  suspend  the  great  rope  and  i)reveut  it  from 
chafing  on  the  sand,  rock,  or  stones,  as  well  as  embedding,  a  circumstance  that  has 
rendered  it  im]iossibie  on  a  sandy  or  shingly  coast  to  heave  out  an  anchor  with  a  rope 
to  it  from  the  shore.  As  this  service  should  be  perfonned  in  fair  weather  (to  be  pre- 
pared for  the  storm),  it  may  be  regulated  with  the  greatest  exactness,  and  should  take 
place  at  the  top  of  high  water,  that  the  upyjer  part  of  the  buoy  may  be  at  the  full  stretch 
of  its  power,  aud  only  seen  at  that  time.    Should  the  shore  be  extremely  flat,  it  will  be 
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desirable  to  place  another  set  at  a  siifflcieiit  distance  beyond  the  first  to  insure  tho 
operation  of  this  method  in  any  state  of  the  tide. 

The  royal  mortar  being  bronght  to  the  s^iot,  is  to  be  pointed  in  the  direction  for  the 
bnoy,  and  should  bo  laid  at  a  very  low  elevation,  bnt  such  as  to  insure  the  range ;  for 
the  more  it  is  depressed  the  less  slack  of  rope  there  will  be  from  the  parabola  formed  in 
the  shot's  flight ;  the  basket  with  the  rope  ready  laid  (having  a  barbed  shot  to  it)  is  to 
bo  placed  in  the  front  of  the  mortar ;  on  its  being  fixed,  instantly  haul  the  slack  of  the 
rope  in,  to  prevent  the  effect  produced  on  it  by  a  strong  tide ;  which  being  done,  let  the 
renaainder  be  gently  hauled  in  to  insure  the  sliot's  grappling  with  the  great  rope ;  when 
that  is  caught  and' hooked,  a  power  will  be  acquired  mlly  adequate  to  the  service. 

As  a  cast-iron  anchor  appears  particnlarly  adapted  to  this  method,  and  would  be 
much  cheaper  than  hammered,  Fig.  8,  Plate  XLVIII,  is  a  plan  of  one  which  the  honor- 
able the  navy  board  approved,  and  allowed  me  to  cast  at  their  expense  for  the  purpose 
of  making  the  experiment. 

When  a  vessel  is  in  that  extreme  and  perilous  situation,  driven  under  a  rugged  and 
inaccessible  cliff,  and  in  danger  of  going  soon  to  pieces,  the  most  prompt  method  I 
should  suggest  is  by  lowering  to  the  crew  a  rope  with  stiff  loops  spliced  into  it  (Fig.  9, 
Plate  LXVIII),  at  the  distance  of  a  foot  and  a  half  from  each  loop^  of  sufficient  size  to 
contain  the  foot,  by  which  they  can  ascend  as  a  ladder. 

This  rope  ladder  is  capable  of  being  projected,  and  one  of  an  inch  and  a  half  rope 
was  thrown  from  a  mortar  194  yards.  It  might  also,  from  the  simplicity  of  its  struc- 
ture, be  extremely  useful  in  escaping  from  a  house  on  fire.  By  nialani^  one  end  fast  to 
the  le^  of  a  bed  or  a  table,  the  person  would  come  down  from  the  window  in  safety, 
and  with  much  less  difficultv  and  quicker  than  with  the  common  rope  la<lder,  which 
is  heavier  and  more  unwieldy.  It  has  great  advantages  when  employed  in  saving 
shipwrecked  men  in  situations  just  described,  when,  from  extreme  cold  and  almost 
benumbed  limbs,  it  would  be  impossible  for  them  to  climb  up  a  rock  or  ascend  it  even 
by  the  aid  of  a  common  rope.  The  holds  thus  spliced  in  will  support  both  hands  and 
feet. 

The  report  of  the  committee  of  the  House  of  Commons  contains  also 
a  pax)er  of  instructions  for  the  managers  of  Captain  Manby's  apparatus 
on  shore,  which  are  somewhat  more  minute  than  the  directions  published 
in  his  essay.    For  example : 

If  the  wind  be  sideways  to  the  shore  the  mortar  must  be  pointed  sufficiently  to  wind- 
ward to  allow  for  the  slack  of  the  rope  lighting  on  the  object,  as  the  rope  will  of  course 
be  borne  considerably  to  leeward  by  the  effect  of  a  strong  wind. 

The  distance  your  judgment  decides  the  vessel  to  be  from  the  shore  should  regulate 
the  charge  of  powder  as  stated  in  the  scale,  taking  just  a  sufficient  quantity  to  clear 
the  object.  An  attention  to  this  will  be  more  certain  of  your  effecting  communication 
and  guarding  against  the  danger  of  the  rope  breaking  or  any  other  circumstance  that 
might  i»reve!it  the  successful  performance  of  the  service.  The  elevation  of  15°  is  to 
be  pn'fiTitMl,  particularly  if  the  wind  is  sideways,  pointing  the  mortar  sufficiently 
to  windward,  as  the  rope  would  then  faU  against  the  weathenuost  part  of  the  rigging 
of  the  stranded  vessel. 

When  a  vessel  is  driven  on  shore  in  the  night  you  will  flash  gunpowder  as  often  as 
convenient  on  your  way.  This  will  animate  the  crew  and  denote  to  them  you  are 
coming  to  their  assistance.  On  getting  to  the  spot  where  you  have  reason  to  suspect 
the  vessel  lies,  as  you  are  not  able  to  discover  ner,  from  the  extreme  darkness,  and  if 
the  people  on  board  cannot  [make  known]  their  situation  by  luminous  signals,  or 
noises  (which  they  will  be  directed  to  make  if  possible),  you  will  lay  the  mortar  at  a 
very  high  elevation  and  fire  a  light  ball. 

Just  before  you  fire  (the  rope)  it  would  be  advisable  to  let  off  a  blue  light  to  put  the 
crew  on  their  guard,  to  look  out,  and  bo  ready  to  secure  the  rox)e.  The  service  can  be 
performed  witli  a  carronade. 

In  Chai)ter  IV  we  have  a  copy  of  directions  to  persons  on  board  ves- 
sels stranded  on  a  lee  shore,  proposed  to  be  deliverexl  to  the  masters  at 
the  custom-house.  It  is  observed  that  even  snapping  a  pistol,  when  the 
powder  is  wet,  may  sometimes  aftbrd  a  signal  visible  on  shore,  from  the 
sparks  of  the  st^eel  alone.  The  other  parts  of  the  directions  will  be  sup- 
l^lied  by  those  who  understand  the  principles  of  the  proposed  mode  of 
relief. 

Rockets  have  of  late  years  been  much  employed  instead  of  the  mortar, 
in  Manby's  apparatus  for  throwing  a  line  to  a  ship  in  distress.  "  Dennett's 
Rocket  Apparatus"  is  supplied  to  many  sta^tions  along  the  coa«t.  The 
only  advantage  the  rocket  has  over  the  mortar  is  its  greater  portability; 
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for,  being  miicli  lighter,  it  can  be  used  with  greater  facility  among 
rocky  cliffs,  and  in  positions  difficult  of  access.  The  disadvantges  of 
rockets  are,  that  they  are  somewhat  uncertain,  sometimes  exi)loding  as 
soon  as  ignited,  to  the  danger  of  the  by-standers;  and  they  are  also  liable 
to  deteriorate  from  the  effects  of  damp  or  of  age.  Moreover,  being  ex- 
pensive, they  cannot  be  often  employed  in  trials,  so  as  to  keei>  up  the  prac- 
tice of  the  people  emjdoyed  in  using  them.  The  range  of  a  shot  from 
a  24-pound  mortar,  which  is  the  ordinary  size,  is  about  the  same  as  that 
of  a  12-pound  rocket,  which  is  the  largest  in  use.  As  the  management  of 
the  mortar  and  rocket  apparatus  is  much  better  understood  by  the  officers 
and  men  of  the  coast-guard  service  than  by  ordinary  boatmen  and  fisher- 
men, it  has  been  almost  entirely  left  in  their  hands,  and  is  provided  by 
the  board  of  customs. 

Several  inventions,  or  variations,  in  the  Manby  apparatus  may  be  just 
glanced  at.  M.  6.  Delvigne  uses  a  howitzer  instead  of  a  mortar,  while  a 
l>ortionof  theline  to  be  carried  is  contained  in  the  projectile.  Mr.  Greener 
has  a  method  of  dischai*ging  a  rocket,  with  a  line  attached,  from  a  light 
harpoon-gun.  When  discharged,  the  rocket  ignites,  and  is  said  to  pro- 
long the  range  to  a  greater  distance  than  if  the  gun  or  rocket  were  alone 
employed. 

Captain  Jemingham,  R.  N.,  has  an  anchor  of  a  particular  form,  which 
he  proiH)ee8  to  fire  from  a  Manby  mortar,  in  sufficient  numbers  to  afford 
the  means  of  hauling  a  life-boat  through  the  surf. 

Mr.  A.  (t.  Carte  emi)loys  a  war-rocket  instead  of  a  Dennett  rocket. 

Section  II. — Manby's  shot. 

[Extract  from  *  *Ammimition,"  by  Captain  Majendic,  R.  A.,  published  in  Loudon  in  1867.  ] 

1.  History. 

The  x)lan  of  saving  lives  in  cases  of  ship^Tecks  by  means  of  a  line 
thrown  so  as  to  e8tai)lish  a  communication  between  the  ship  and  the 
shore  seems  to  ha\  e  been  first  proposed  about  the  close  of  the  last  cen- 
tiiry,  by  Lieutenant  Bell,  lloyal  Artillery.^  This  officer  proposed  to  pro- 
ject  from  a  mortar  a  spherical  shell  filled  with  lead,  and  ha\ing  ''a  deep* 
sea  line"  attached.  Some  trials  were  made  with  the  apparatus  in  1791,^ 
before  a  committee  of  the  Society  for  the  Encouragement  of  Arts,  Manu- 
factures, and  Commerce,  and  the  success  of  the  experiment  was  so 
marked  and  unequivocal,  ^  that  in  the  following  year  the  society  adjudged 
the  inventor  a  reward  of  fifty  guineas.* 

Lieutenant  Bell's  claim  to  the  priority  of  the  invention  was  also  recog- 
nized by  a  committee  of  artillery  officers  assembled  at  Woolwich  in 
May,  1811,  to  report  on  "Captain  Manby's  invention  for  saving  the  lives 
of  shipwrecked  mariners,"  this  committee  reporting  that  they  feel  that — 

Tliej'  should  not  entirely  discharge  their  duty  wer<*  they  to  omit  observing  that  tlie 
comnnttee  of  the  honorable  House  of  Coninious  do  not  w^eia  to  have  ])eeii  informed  of 
all  the  means  proposed  by  the  late  Lieutenant  Bell,  of  the  Koyal  Artillerj',  for  the 

'  It  appears  from  Kane's  List  that  Lieutenant  Bell  was  promoted  from  sergeant  to 
a  lienteiiancy  in  the  invalid  battalion. — (Kane's  List  of  the  Royal  Regiment  of  Artil- 
lery, p.  21.) 

'August  29,  1791.— (Repertory  of  Artfl  for  1808,  vol.  xiii,  p.  315.) 
'The  line  \\i\»  thrown  to  a  distance  of  400  yards. — {Ihid.f  315.) 
*A  full  account  of  the  experiments  and  drawings,  and  a  description  of  the  appara- 
tus are  given  under  the  head  of  "Account  of  a  method  of  throwing  a  rojie  on  shore  by 
means  of  a  shell  fnmi  a  mortar  on  board  a  vessel  in  distress."    By  Lieut.  John  Bell, 
Royal  Artillery,  in  the  Repertory  of  Arts,  180d. 
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attainmtnit  of  the  Klrnie  laiidalile  object;  it  lieiug  Htated  in  that  honorable  committee's 
report,  that  ''Mr.  BcIFh  invention  is  totally  ina^»i)lical)Ie  in  all  cases  of  vessels  being 
Htrandetl,''  and  that  Cajitain  Manby's  invention  ih  now/ 

In  jnstice,  therefore,  to  the  memory  of  Lientenant  Bell,  and  to  his  snrvivinfj  family, 
and  with  respectful  deference  dne  to  the  jndji^nent  of  the  honorable  committee,  the 
concludiufy  of  the  seven  observations  inserted  in  one  of  the  papers  of  Lieutenant  BelVs 
account  to  the  Society  for  the  Enccmragement  of  Arts,  Manufactures,  and  Commerce, 
is  subjoined  in  his  own  words,  as  i)nblished  in  that  society's  Transactions,  and  in  the 
Repertory  of  Arts  for  18<)H,  p.  318,  by  which  observations  it  appears  that  Limienant 
Bell  then  proposed  what  Captain  Afanby  has  since  so  ably  and  so  snccensfuUy  carried  into 
effect/' 

The  passage  "  in  Lieutenant  Bell's  o>\ni  words/'  referred  to  by  the  com- 
mittee, is  as  follows : 

There  is  every  reason  to  conclude  that  this  contrivance  would  be  very  useful  at  all 
ports  of  difHcult  access  l)oth  at  home  and  abroad  where  sliips  are  liable  to  strike 
ground  before  they  enter  the  harbor  as  Shields  Bar,  and  other  similar  situations,  when 
a  line  might  be  throw^n  over  the  ship,  which  might  probably  be  the  means  of  saving 
both  lives  and  property;  and,  moreover,  if  a  ship  was  driven  ashore  near  such  a  place, 
the  a])paratn8  might  easilv  be  removed  to  altbrd  assistance,  and  the  whole  performance 
is  so  exceedingly  simple  tliat  any  perscni  seeing  it  done  would  not  want  any  further  in- 
struction.^ 

It  is  thus  placed  beyond  doubt  that  Lieutenant  Bell's  proposition  was 
not  limited  to  throwijug  a  rope  from  a  vessel  to  the  shore,  but  included 
the  reverse  operation  of  throwing  a  rope  from  the  shore  to  the  assistance 
of  a  strande^l  vessel,  and  this  by  almost  exactly  the  same  means  as  were 
subsequently  successfully  ai)plied  by  Capt.  G.  W.  Manby,  K.  !N^. 

But  if  the  merit  of  having  been  the  first  to  j)ropo8e  this  plan  cannot, 
in  justice,  be  conceded  to  (Captain  Manby,  it  is  at  least  indisputable  that 
that  officer  was  the  lii'St  practically  to  ajiply  it,  and  that  by  his  exertions 
the  details  were  matured  and  the  idea  succjessfully  earned  into  effect ;  ® 
for,  in  spite  of  the  success  which  had  attended  Lieutenant  Bell's  experi- 
ments, his  proposition  does  not  appear  ever  to  have  receiveil  official 
recognition,  or  to  have  been  practically  entertained  or  adopted.  ^ 

Captain  Manby  worked  out  the  subject  with  great  care  and  ingenuity, 
and  in  1811  his  plan  was  experimented  upon  by  the  committee  of  artil- 
lery officers  before  alluded  to.  *® 

•This  alhision  to  the  opinion  of  the  "  committee  of  the  honorable  House  of  Commons" 
has  reference  to  a  report  made  by  a  committee  of  that  house  in  1810,  in  whicli  Lieuten- 
ant Bell's  claim  to  any  merit  attaching  to  priority  of  invention  is  igiiored,  and  his 
proposition  sjwken  of  in  the  words  quoted  in  the  text,  viz,  as  "totally  inapplicable  in 
all  cases  of  vessels  being  stranded,"  while  Captain  Manby^s  i»roposition  is  treated,  as 
original.  The  incorrectness  of  this  oi»inion  is  sufficiently  shown  by  the  passage  ftx)m 
the  report  above  quoted  and  by  Lientenant  BelFs  own  remarks,  which  I  have  given 
farther  on. 

^The  Annnal  Register  for  the  year  1811,  p.  521. 

'Repertory  of  Arts  for  1808,  vol.  xiii,  p.  318. 

*"  Lieutenant  Bell  then  proposed  what  Captain  Manby  has  since  so  ably  and  »uc- 
cessfnlly  carried  into  effect." — (Report  of  Artillery  Committee,  Annual  Register  for  1811, 
p.  521.)"  (See,  also,  extract fi*om  Ency.  Brit.,  xiii,  &c.,  on  a  preceding  piige,  beginning 
as  follows:  "Mr.  Bell  ha«  cursorily  observed  that  a  line"  et  scq. — I).  A.  L.) 

®  It  is  not  impossible  that  this  arose  fnmi  the  fact  that  the  inventor  died  shortly  after- 
wards, in  1798. — (See  Kane's  List  of  Officers  of  the  Royal  Regiment  of  Artillery,  p.  21.) 

^oThis  committee  was  composed  of  the  following  field-officers  of  artillery:  IJeuten- 
ant-General  Lloyd,  Major-General  Ramsay,  Colonel  Borthwick,  Lieutenant-Colonel 
Rion,  Lieutenant-Colonel  8))icer,  Lieutenant-Colonel  Colebrooke,  Lieutenant^Colonel 
Been*r,  Major  Gold,  Major  IJuckner.  Their  report  bears  date,  Royal  Arsenal,  Wool- 
wich, 22d  May,  1811,  and  is  entitled  ^*  Report  from  the  conmiittee  of  tield-officei-s  ot 
artillery,  containing  an  account  of  the  experiments  made  at  Woolwich  on  the  18th  and 
20th  May  last,  on  Captain  Manby's  invention  for  saving  the  lives  of  shinwr«*cked  mari- 
ners." Printed  bv  order  of  the  Hcmse  of  Commons. — (Annual  Register  for  1811,  pp.  518 
to  521.) 


N 


REPORT  OP  THE  CHIEF  OF  ORDNANCE.         293 

The  results  of  these  experiments  were  in  the  highest  degree  success- 
ful, and  the  adoption  of  his  xiropositions  was  recommended:  ^^ 

This  recommendati<m  led  to  an  address  being  moved  in  the  House  on 
the  14th  June,  1811,  to  the  Prince  Kegent,  "pi'^y^^^  that  he  wouUl  be 
graciously  pleased  to  order  that  Captain  Manby's  invention  should  be 
stationed  on  difterent  part«  of  the  coast,  &c.,  and  assurmg  him  that  the 
House  woidd  make  good  the  expense."^^ 

The  propositions  which  Cai)tain  Manby  had  submitted  to  the  commit- 
tee were  eight  in  number,  from  which  the  following  are  selected  as  being 
the  only  ones  having  a  direc*t  bearing  upon  the  history  of  the  i)resent  serv- 
ice life-preser\ing  apparatus.  A  small  brass  howitzer,  3-pounder  bore, 
which,  with  its  carriage,  weighed  62  pounds,  and  was  strapi)ed  on  to  the 
fore  part  of  the  saddle  of  a  mounted  man,  200  yards  of  log-line  being 
coiled  upon  a  deal  frame  and  slung  as  a  knapsack  on  the  back  of  the 
horseman,  the  hne  being  projected  from  the  howitzer  by  means  of  a  *^  kind 
of  pear  shot^  IJ  diatneters  in  lenffthj^  and  weighing  4  jwunds  12  oimces 
12  drachms.  By  means  of  this  shot,  and  with  a  charge  of  2^  ounces  of 
powder,  the  howitzer  threw  the  hue  143  yards.  "  Xext,  a  method  of 
affording  certain  relief  to  vessels  stranded  in  the  darkest  night,  with  an 
improved  mode  of  rendering  the  life-rope  more  distinguishable.'^  This 
arrangement  consisted,  firstly  in  firing  what  Captain  Manby  called  "  light 
balls,^  viz,  i)aper  shells  filled  with  ''  stars,"  from  a  mortar,  to  throw  a 
light  over  the  scene ;  and.  secondly,  in  projecting  from  the  o^-ineh  mortnrj 
charged  with  8  ounces  ot  i)owder,  a  deep-sea  line  attached  to  a  shell  tciih 
four  flutes  in  iO^ 

lie  also  suggested  at  this  time  connecting  the  rope  to  the  shot  by 
means  of  ^'some  stout  strips  of  hide  plaited  extremely  close  at  the  ey^."^* 

**The  committee  were  of  ^*  opinion  that  they  cauiiot  too  strongly  recommend  an  in- 
vention, the  partial  application  of  which  has  heen  attended  with  such  heneficial 
etfect«.  *  *  *  It  is  also  the  wish  of  the  committee  to  render  their  fnll  tribute  of 
praise  to  Captain  Manby  for  hiH  ingennity  in  so  much  improving  and  bringing  into 
pnM)tical  use  tliis  invention,  to  the  i»erfecting  of  which  he  has  so  zealously  and  skiU- 
fuUydevoted  hunself, — (Annual  Regist<5r  for  1811,  p.  520.) 

*«Tlie  address  was  moved  by  Mr.  Wilberforce. — (Annual  Reeister  for  1811,  p.  521.J 

"  Captain  Manby ^s  other  propositions  and  experiments,  briefly  described,  were  as  lol- 
lows :  An  arrangement  for  hring,  '^  by  chemical  agency,  of  two  substances,  which  ignite 
from  coming  into  contact  vfith.  one  another'';  a  plan  for  laying  and  firing  from  a  boat 
**  when  the  sea  is  continuaUy  breaking  over  it ";  an  arrangement  by  which  the  rope  is 
coiled  in  a  basket  and  then  carried  to  the  spot  required ;  a  rope-ladder  **  intended  to  be 
projected  or  conveyed  to  a  crew  wrecked  under  a  cliff,"  consisting  of  a  single  rope  with 
loops  spliced  to  it  at  convenient  distances  for  the  support  of  the  feet  and  hands  when 
climbing;  'Hhe  distance  a  deep-sea  line  can  be  projected  from  the  shortest  8-inch  mor- 
tar'' (in  the  course  of  this  experiment  a  deep-sea  line,  with  68-pounder  shot  attached, 
-was  projected  439  yards ;  charge,  2  pounds ;  elevation,  23P) ;  the  distance  an  8-inch 
liarbed  shot,  **  with  a  patent  Sunderland  2-inch  rope  attached,"  could  be  projected  (the 
distance  was  396  yards). 

These  propositions  will  be  found  in  ejctenso^  an  I  have  already  intimated,  in  the  Annual 
Register  for  1811,  pp.  518  to  521.  Much  interesting  information  will  also  be  found  on 
the  subject  of  Captain  Manby's  original  propositions  in  the  Encyclopa'dia  Britannica, 
vol.  xiii,  pp.  441  to  444,  where  copious  extracts  are  given  from  an  essay  published  by 
Captain  Manby  himself  in  1812,  entitled  **  An  Kssay  on  the  Presei-vation'of  Shipwiecked 
Persons." 

*••  Captain  Manby's  own  words  respecting  this  part  of  the  subject  are  as  follows : 
* '  To  connect  the  rope  to  the  shot  and  prevent  it  from  being  burned  by  tlie  powerful 
intlammation  at  the  discharge  of  the  mortar  was  most  essentially  necessarj-,  and  suc- 
cess resulted  from  almost  innumerable  experiments ;  chains  in  every  variety  of  form 
and  size  broke,  and  proved  that  not  only  strength,  flexibility,  and  elasticity,  but  a 
body  at  once  continuous  and  entire,  was  re<[nired.  At  length  some  stout  strips  of  hide, 
plaited  extremely  close  at  the  eye,  happily  eflected  the  object  so  indispensably 
wanted."  (Observati<»ns,  with  Directions  on  the  Method  brought  into  use  by  G.  W. 
Manby.)  See  also  Encyclopanlia  Hritnnnica,  vol.  xiii,  pp.441  to.  444,  where  nearly 
the  whole  ** observations"  (extrat^ted,  from  Captain  Manby's  published  essay)  are 
given  with  illustrations. 
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It  is,  therefore,  placed  beyond  doubt  that  Captain  Manby's  ori|2final 
I)ropositious  included,  among  other  contrivances,  1st.  A  i)ear-shaped  or 
oblong  shot ;  2d.  A  shell  of  5J-inch  caliber ;  3d.  A  shell  contauiing  four 
fiises ;  -ith.  A  jdaited  hide  thong  for  the  puqiose  of  connecting  the  line 
to  the  projectile. 

The  immediate  connection  of  these  details,  \dth  the  history  and  origin 
of  the  present  service  pattern,  Manliy's  shot,  will  at  once  be  i)erceived, 
the  projectile  now  used  being  of  an  oblong  form.  Scinch  caliber,  con- 
taining four  liises,  and  having  a  plaited  hide  thong.  There  is  no  record 
of  the  exact  fonn  in  which  Captam  Manby's  original  jiropositions  were 
adopted,  but  it  would  seem,  from  the  "  Observations,''  &c.,  printed  re- 
specting his  inventions,  as  if  the  majority  of  them  were  appmved  and 
introduced.  It  is  certain,  however,  that  many  were  allowed  to  lapse 
and  become  practically  obsolete ;  and  it  appears  that  the  two  projectiles 
most  used  were  a  spherical  24-i)ounder  shot,  or  shell  filled  with  lead, 
having  an  eye-bolt  rivets  to  it,  ftimishecl  with  a  stout  twisted  hide 
thong,  for  the  purpose  of  attaching  the  rope,  and  a  grapnel  or  oblong 
shot,  with  a  barbed  iron  staple,  to  which  the  rope  was  fastened,  project- 
ing from  one  end. 

Some  demand  for  this  class  of  stores  in  1867-'58  led  to  experiments 
being  instituted  by  Colonel  Boxer,  Superintendent  of  the  Royal  Labo- 
ratories, the  result  of  which  wa«  the  introduction  and  issue,  in  1859  or 
1860  ",  of  an  improved  and  modified  Manby's  shot,  and  the  pattern  then 
introduced  is,  with  the  exception  of  some  slight  alterations,  which  were 
subsequently  (in  1863  *®)  made  in  the  thong,  the  present  service  pattern. 

Spherical  Manby's  shot  are  not,  however,  altogether  obsolete,  a  pattern 
of  a  6-pounder  having  been  deposited  in  the  model-room  of  the  Eoyal 
Laboratory  in  1862,"  to  govern  the  supply  on  8i>ecial  demand. 

Without  entering  upon  a  detailed  description  of  the  difterent  plans 
proposed,  from  time  to  time,  for  establishing  communication  between  a 
stranded  vessel  and  the  shore,  it  "^ill,  perhaps,  be  well  to  mention  that 
Manby's  apparatus  is  not  the  only  one  which  has  been  used  for  this  pur- 
pose. The  following  passage  ftx>m  the  Encyclopaedia  Britanncia  \^ill 
sufficiently  indicate  the  variety  and  scope  of  these  inventions.  •  •  • 
[Here  follows  an  extract  from  the  Encyclopaedia  Britannica,  already 
quoted  in  the«e  pages. — D.  A.  L.|  •  •  ♦  Kites  have  also  been  sug- 
gested as  a  simple  means  of  carrjmg  a  line  ftx)m"  a  wreck  to  the  shore," 
and  are  manufactured  for  this  purpose  by  the  "  Shipwrecked  Mariners' 
Society,  Ix)ndon  Bridge." 

The  board  of  trade  employed,  to  a  great  extent,  until  1865,  Dennett's 
rockets,  in  preference  to  Manby's  shot ;  and  there  can  be  no  question 
that  the  balance  of  advantages  inclines  strongly  to  the  side  of  the  rockets."^ 

**  I  cauuot  discover  the  precise  date  when  these  shot  were  introduced,  but  it  appears 
that  the  first  issue  of  them  were  made  in  May,  1860,  for  the  use  of  the  coast  ^ard  at 
Lowestoft;  and  this  marks  their  first  ^>i'rtc/icai  introduction.  The  proportions  of  these 
shot,  and  of  the  different  stores,  fuses,  lines,  &c.,  wliich  together  constitute  a  com- 
plete "  Manbv's  apparatus,''  were  n(»t  officially  detenuined  or  laid  down  until  the  U5th. 
of  August,  1862.     (See  War  Office  Circular  793,  par.  633.) 

16 12th  October,  1863. 

»^  13th  January,  1862. 

^*  Evidently  they  are  not  generally  available  for  carrying  a  line  in  the  other  direo- 
tion,  as  the  wind  will  almost  invariably  be  blowing  toward  the  shore. 

»•  The  Times,  10th  of  December,  1864,  contains  two  letters  on  the  subject. 

«> Rockets  are  more  portable,  as  also  is  the  apparatus  from  which  they  arc  fired; 
they  carry  their  own  inuminating  agent,  and  are  thus  inde]iendent  of  fuses,  do  not 
require  so  long  a  line  as  a  shot  fired  from  a  mortar,  where  the  angle  of  elevatiim  is 
greater ;  and  finally,  are  more  accurate,  owing  principally  to  the  fact  that  the  deflec- 
tion caused  by  the  action  of  the  wind  upon  the  line  is  in  a  great  measure  corrected  by 
the  rocket  having  a  tendency  to  fly  up  in  the  wind's  eye. 

In  1862  (3d  December),  the  ordnance  select  committee  experimented  with  some 
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In  1865  a  rocket  proposed  by  Colonel  Boxer,  E.  A.,  was  adopted  by 
the  board  of  trade  to  supersede  Dennett's  rocket,  to  which  it  is  preferred 
because,  "  1st.  The  range  of  Colonel  Boxer's  rocket  is  little,  if  at  all, 
inferior,  and  in  every  other  respect  it  is  much  superior ;  2d.  The  com- 
bination of  Mr.  Dennett's  two  rockets  is  very  objectionable,  and  from 
their  velocity  they  frequently  carry  away  the  line,  and  sometimes  both 
do  not  ignite.    They  are  also  double  the  expense."*^ 

These  rockets  are  fast  superseding  Manby's  shot  at  all  stations,  and 
the  latter  may  shortly  be  expected  to  become  entirely  obsolete. 

There  are  two  natures  of  Manby's  shot  in  the  service,  the  24-i)ounder 
oblong  (PI.  XXXVIU,  Fig.  1),  or  "cyUndrical,"  and  the  6-pounder 
8X>herical  shot.  They  are  designated  24-pounder  and  6-pounder,  respect- 
ively, from  their  calibers,  not  from  their  weights.** 

The  24-pounder  oblong,  or  "cylindrical"  Manby's  shot,  is  a  cast-iron 
cylindro-conoidal  projectile,*^  with  a  slightly  rounded  base,**  and  about 
l\  calibers  in  length.** 

The  shot  is  drilled  down  its  longer  axis  for  the  reception  of  a  wrought- 
iron  bolt,  which  passes  completely  through  the  projectile  from  end  to 
end,*^  ana  projects  about  five  inches  beyond  the  base,  terminating  in  an 
eye,  to  which  is  attached  a  plaited  hide  thong  2  feet  in  length.  Four 
holes  (Plate  XXXVIU,  Figs.  1,  2),  for  the  reception  of  "ftises,"*^  are 
diilled  into  the  shot  at  the  base,  equidistant  from  one  another  and  from 
the  center  of  the  base,  and  slightly  inclining  inwards.**    These  holes  are 

Manby'8  and  Delvigne's  shot  against  Dennett's  9-poander  rockets,  and  'Hhe  result  was 
a  general  conviction  on  the  nund  of  everybody  present,  and  shared  by  Mr.  Delvigne, 
ofthe  great  superiority  of  the  rockets  over  either  of  the  other  plans." 

The  rockets  were  fired  singly  and  in  couples,  at  an  angle  of  from  30^  to  35^. 

''The  single  rockets  camea  a  line  2A0  yards,  the  double  rockets  370  yards,  with 
great  steadiness  of  flight,  and  with  less  length  and  weight  of  line  in  proportion  carried 
out  than  the  pieces  fired  at  45^. 

''The  range  obtained  with  Manby's  apparatus,  charge  13  ounces^was  200  yards;  and 
with  the  same  mortar  firing  Mr.  Delvipie's  elongated  shot  was  lo5  yards.  The  same 
shot,  however,  fired  firom  the  rifled  5^inch  howitzer  at  28°,  with  10  ounces,  attained  a 
ranee  of  296  yards,  but  the  line  broke  three  times." — (Eztiact  from  Reports  and  Pro- 
ceedings of  Ordnance  Select  Committee,  vol.  i,  p.  199.) 

On  the  subject  of  the  employment  of  rockets  for  carrying  a  line,  see  a  work  published 
at  St.  Peti^rsburg,  entitled  "Application  des  Fusses  au  jet  des  Amarres  Sauvetage,  par 
G^n6ral-Major  Konstantinoff,"  which  contains  a  good  deal  of  information  unon  this 
subject,  and  explains  the  construction  of  a  rocket  proposed  by  the  author  for  tliis  pur- 
pose, very  similar  to  the  Boxer  life-saving  rocket. 

^^  Report  of  Captain  Robertson  to  the  board  of  trade.  The  construction  of  this 
rocket  and  ofthe  apparatus  which  is  issued  with  it  will  be  described  in  the  section  on 
rockets  in  a  succeeding  volume  of  this  work. 

«*For  weights,  see  farther  on. 

**  Perhaps  more  strictly  an  obtuse  cylindro-ogival. 

**It  is  difficult  to  say  whether  this  end  should  proi>erly  be  called  the  "base,"  or  the 
"  upper  end."  When  the  projectile  is  placed  in  the  piece,  this  end  is  toward  the  mus* 
zle,  and  is  therefore,  strictly  speaking,  the  "  ujjper  end,"  but  the  shot  changes  its 
position  on  leaving  the  piece,  and  what  was  the  front  of  the  shot  in  the  gun  becomes 
the  base  or  hinder  part  during  its  passage  through  the  air.  Therefore,  and  as  the  term 
is  a  more  convenient  one  to  use,  I  have  designated  this  end  the  "  base"  of  the  projectile. 
I  have  i^ao  hesitated  between  the  terms  "slightly  rounded"  and  "nearly  flattened" 
in  describing  the  form  of  the  base,  but  have  selected  the  former  as  conveying,  perhaps, 
a  rather  more  correct  impression  of  the  acttial  shape. 

^  For  actual  dimensions,  see  Plate  XXXVIII. 

»5  A  reference  to  the  drawiu|yf  of  the  section  (see  Plate  XXXVIII,  Fig.  2\  will  show 
the  manner  in  which  the  bolt  is  secured  to  the  shot,  viz,  by  means  of  a  projecting  head 
or  shoulder  on  the  bolt,  which  is  pushed  into  the  shot  from  the  base  up  to  this  shoulder, 
so  much  of  the  bolt  as  projects  at  the  top  of  the  shot  being  hammered  down  to  form 
the  head,  and  thus  secure^'  riveting  the  1>olt  into  its  position. 

^  More  properly  lights  (vide  injra), 

*The  inclination  j^ven  is  just  sufficient  to  throw  the  flame  of  the  burning  "fuses'* 
free  of  the  hide  thong. 
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conical  in  fonn,  and  are  abont  the  same  diameter  as  the  fiise-holes  of 
the  13  and  10  inch  mortar  shells.*^  They  are  about  3J  inches  in  length 
and  are  roughed  in  the  interior  to  afford  a  better  hold  to  the  fuses.** 

The  hide  thong,  or  "  strop,"  which  is  fastened  to  the  eye-bolt,  is  made 
of  four  strips  of  raw  horse-hide,^*  doubled  through  the  eye  and  tightly 
plaited,  the  plait  being  further  secured  by  being  stitched  in  several 
places  with  hide.^ 

The  end  of  the  thong  is  formed  into  a  loop  which  is  tightly  woolded 
with  fine  tarred  spim-yarn.^ 

The  shot  and  bolt  are  painted  black  before  issue  j  the  thong  is  nn- 
painted.    These  projectiles  weigh  (with  thong)  about  30J  pounds. 

The  C-pounder  spherical  Manby's  shot  is  rarely  demanded,  and  is 
scarcely  to  be  considered  as  a  service  projectile.  It  consists  of  a  dia- 
phragm shell  filled  with  lead,^*  and  lia\ing  an  iron  loop  fixed  into  it,  to 
which  is  attached  a  thong  similar  to  that  of  the  oblong  pix)jectUe.  This 
shot  has  no  fuse-holes.  It  is  painted  black  before  issue,  and  weighs  about 
8  pounds. 

2.  Action  of  the  Manby  oblong  shot 

The  action  of  the  oblong  shot  is  as  follows :  The  end  of  a  line^  is  made 
fast  to  the  loop-hole  of  the  thong;  the  rest  of  the  line  behig  careftillj' 
coiled  either  in  a  basket  or  upon  tlie  ground  or  deck,^  and  a  fuse  (Plate 
XXXIX,  Figs.  1, 6)  is  placed  in  each  of  the  four  holes  made  for  the  pur- 
pose. 

The  fuses  being  uncapped,  the  projectile  is  placed  in  the  piece  ^"  with 

»  For  the  actual  dimeusious,  see  Plate  XXXVIII,  Fig.  2. 

'oThis  roughing  is  not  effected  iu  tlie  same  way  a«  iu  mortar  Bhell8.  by  meaus  of  a 
Bort  of  thread,  but  iH  doue  by  cutting  a  uumber  of  shaUow  grooves  about  0.2  iucli  apai*t 
around  the  sides  of  the  holei). 

8^  The  hide  is  prepared  with  lime,  and  is  technically  known  as  "Jiorse-hidc-raw-lime." 
The  strips  are  cut  with  a  tapering  toward  each  end,  so  as  to  give  the  reciuired  taper  to 
the  thong  when  completed.  In  the  history  of  this  projectile  it  has  been  meutione<L 
that  Captain  Manby  tried  several  materials  for  the  thong  before  he  adopted  hide^  and 
it  is  deserving  of  notice  that  Captain  Jerningham,  R.  N.,  who  carried  on  a  large  num- 
ber of  experiments  with  the  apparatus^  preferred  mani la-rope  thongs  t-o  hide.  In  a 
report  upon  the  subject  he  says,  ^^Strojie  of  manila  rope  were  found  to  be  the  moat 
serviceable." — (Captain  Jemiugham's  report,  Her  Majesty's  ship  Cambridge,  Devon- 
port,  April  27,  1860.) 

**  In  a  4-plait  of  double  hide.  The  hide  known  techically  as  "white  horse,"  or  "whit 
leather,"  is  used  for  this  pnrpose ;  it  is  the  same  material  as  is  used  for  wliii>-thongs. 
Until  1863  fine  wire  was  used  for  this  purpose ;  hide  is  preferred  to  wire  because  me 
latter  had  a  tendency  to  cut  the  thong. 

^  It  was  not  woolded  until  1863 ;  by  woolding  the  end,  any  chance  of  the  line  being 
cut  is  diminished. 

^  Diaphragm  shells  are  used  because  there  are  no  other  shells  of  this  caliber ;  and  it 
has  not  been  thought  necessary  to  manufacture  a  separate  projectle,  when  a  diaphragm 
shell  answers  the  purpose  perfectly  well. 

^The  line  generallv  used  is  a  "deep-sea  line  ";  but  there  is  issued  with  each  appa- 
ratus 113  fathoms  of  If-inch  rope.     (See  War  Office  circular  793,  par,  633.) 

^The  coiling  of  the  line  so  that  it  may  nin  out  free  without  check  is  a  matter  of 
considerable  im]>ortance.  There  are  several  ways  of  coiling  it:  in  a  basket,  or,  if  the 
beach  be  even  and  free  from  large  stones,  as  follows  :  the  length  of  the  fakes  not  to 
exceed  two  yards  (Fig.  1,  Plate  XLIX),  as  if  they  are  hmger  the  rope  is  more  liable  to 
be  broken  "by  the  proportionately  increased  vibration." — (Instructions  for  the  use  of 
Manby's  apparatus.) 

Another  way,  as  used  in  the  whale-fishery,  is  as  follows:  [Shown  in  Fig.  2,  Plate 
XLIX.— D.  A.  L.l 

A  thiwl  metho<l,  called  "chain-faking,"  is  sometimes  emploved,  [See  Fig.  3,  Plat« 
XLIX.— D.  A.  L.] 

A  fourth  method  is  shown  in  Plat«  XL,  Figs.  1,  2. 

^  A  .5^inch  (Coehorn)  mortar  speciallv  prepared  (with  a  crutch  for  firing  quill-friction 
tubes),  was  used  for  projecting  these  sliot  (see  W.  O.  C.  793,  para.  598)  until  1866,  but 
by  21-2-66,  51-20-8742,  it  was  iutiumted  that  metal  friction  tubes  might  be  used  with 
them.    On  an  emergency  they  could  be  fired  from  a  24-pounder  gun  or  howitzer. 


REPORT   OF   THE   CfllEP   OF    ORDNANCE.  297 

its  base  toward  the  muzzle^  and  u])ou  the  discharge  of  the  i)iece  carries 
Gilt  the  line,  one  end  of  which  being  retained,  a  communication  is  thus 
established  between  the  vessel  and  the  shore.  The  use  of  the  hide  thong* 
is  to  I'emove  the  line  from  the  immediate  flash  of  the  discharge,  and  so 
prevent  it  Irom  being  burned.^ 

The  fuses  sen  e,  by  the  bright  light  which  they  give  forth,  to  indicate 
the  path  of  the  shot  and  guide  the  tiring  party  in  lading  the  piec^.  The 
strength  and  direction  of  the  wind  must  be  considered  in  determining 
the  direction  to  be  given,  tlie  trajectory  being  affected  by  them  to  a  very 
great  extent,  owing  to  the  influence  which  the  wind  has  upon  the  line. 

With  deep-sea  fine,  and  with  the  ordinary  charge  of  12  oiuices,  the 
range  varies  from  400  yards  downward,  according  to  the  strength  and 
direction  of  the  wind.^® 

The  6-pounder  is  used  in  the  same  way,  with  the  exception  that,  hav- 
ing no  fuses,  the  operation  of  fixing  and  imcapping  them  is  disi^ensed 
Avith.« 

These  projectiles  are  mainlj"  used  to  establish  a  commimication  between 
the  shore  and  a  stranded  vessel,**  but  the  principle  is  appliciible  to  a 
variety  of  other  puri)oses,  &c. 

3.  Charges  for  Manhifs  shot. 

The  maximum  charge  for  the  24-pounder  oblong  Manby's  shot  is  only 
12  ounces,  giving,  w^ith  45^  of  elevation,  a  range  from  400  yards  downward, 
acconling  to  the  strength  and  dii*ection  of  the  wind.*  If  a  higher  charge 
is  used,  the  line  is  generally  broken. *  There  are  no  data  on  the  subject 
of  the  charge  for  the  6-pounder  spherical  Manby's  shot.  ("Ammunition 
(English),  1807,"  by  Captain  Majendie,  R.  A. 

^To  connect  the  rope  to  the  shot,  and  prevent  it  from  )»eiiig  burned  by  the  *'  power- 
ful inflammation  at  the  discharge  of  the  mortar." — (ObserA'ntioiis  with  directions  on  the 
method  brcmght  into  .use  by  G.  W.  Manby. ) 

*>In  some  experiments  carried  on  in  the  Koyal  Laboratory  ,1859,  with  a  charge  of  12 
ouncesi  elevation  45^,  the  range  varied  from  *26()  to  400  yanb*. 

**For  the  Manby  24-p<mnder  cylindrical  shot  the  charge  is  12  ounces,  giving  a  range 
of  about  300  yards/' — (Captain  Frazer's  Notes  on  Materiel,  p.  6.) 

In  Captain  Manby's  OhiervaHoHS,  with  IHrecHous,  4^.,  he  gives  the  following  charges 
and  ranges  for  the  spherical  24-pounder  shot.  (As  this  shot  conaisted  of  a  sheU  of  5^ 
inches  caliber  filled  with  lead,  it  must  have  weighed  considerably  over  24  pounds,  and 
probably  was  abont  the  same  weight  as  the  present  oblong  24-pounder). 


Charge. 


8  oances 220  vardB 


With  deep>Ma 

line. 


10  oancei). 
12  ounces. 


270  yards 
320  yards 


With  l^ineh 
rope. 


180  vardn. 
220  yards. 
250  yards. 


It  also  appears  that  in  the  determination  of  these  ranges  the  most  unfavorable  eon- 
ditions  had  been  taken,  for  in  another  part  of  his  Observations  Captain  Manby  says, 
"Anirtm  mortar  •  »  *  will  project  a24-ponnder8hot,  with  an  inch  and  a  half  rope 
attached  to  it,  250  yards,  or  a  deep-sea  line  'JQO  yards,  againnt  the  utmost  power  of  the 

'^No  charge  is  laid  down  for  the  6-pouuder,  nor  are  there  any  data  to  enable  me  to 
assign  even  approximate  charges  and  ranges  to  this  projectile. 

*»  With  reHjwct  to  this,  the  natural  and  simplest  application  of  the  j>rojectile,  the 
value  of  the  invention  will  be  more  readily  perceived  if  we  bi»ar  in  mind  that  **  the 
most  fatal  cases  of  shipwreck  and  the  most  frequent  are  those  which  occur  within  the 
distance  of  from  300  to  60  yanls  off  the  land." — ( ObHervations,  <Jit.  ) 

Captain  Manby  (juotes  several  instances  in  which  lives  have  been  saved  by  his  ap- 
paratus; and  doubtless  our  naval  annals  and  the  records  of  the  board  of  trade  would 
afford  many  other  instances  of  its  successful  application. 

^  Vide  ittf/wfl,  foot-note  39. 

*  In  some  ftr^mnicM^*  which  were  carried  on  in  the  Royal  Laboratory  at  Woolwich 
in  1859  with  elongated  24-pounder  Manby's  shot  and  deep-sea  line,  the  line  broke 
with  a  1-pound  charge.  With  a  stouter  line  than  deep-sea  line  (li-inch  rope,  for  in- 
stance) a  heavier  charge  might  perha])s  be  used. 
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4.  Fuse  for  Manby^s  shot 

a.  Old  pattern  fuse. 

The  Manby  fiise  was  adoi)ted  at  the  same  time  a.s  the  Maiiby  shot,  \'iz, 
about  1859  or  1860,  but  no  official  approval  of  the  fuse  is  to  l>e  found  until 
1862.  An  alteration  was  effected  in  this  fuse  in  1864,  when  the  present 
pattern  with  paper  lining  wa«  introduced.  (Ammunition,  1867  (Eng- 
lish),p.  238.) 

b.  New  pattern  fuse. 

The  fuse  for  Manby^s  shot^  (Plate  XXXIX,  Figs.  1  to  6)  is  a  frustum 
of  a  large  mortar-fuse  cone,  taken  at  it«  thickest  part,*  and  rather  over 
three  inches  in  length.  The  composition  bore  is  concentric  with  the 
longer  axis  of  the  fuse,  and  is  considerably  larger  in  diameter  than  that  of 
the  mortar  fuse,^  in  order  to  increase  the  quantity  of  burning  composition 
and  the  illuminating  power  of  the  fuse.  The  composition  bore  is  lined  with, 
a  hollow  cylinder  of  rolled  paper,*  to  prevent  the  fuse  exploding  on  the 
prijQciple  of  a  tube,  in  the  event  of  the  wood  shrinking  away  from  the 
composition. •  The  composition  bore  is  pressed®  or  driven  i^ith  2.5  inches 
of  solid  fuse  composition^  matched  (Plate  XXXIX,  Figs.  1-5),  primed, 
bored  into,  and  capped  (Plate  XXXIX,  Fig.  6),  like  a  large  mortar 
fuse. 

The  Manby  fuse  contains  no  side  holes  or  powder-channels,  not  being 
intended  to  be  prepared  for  any  particular  time  of  burning.  The  j)osi- 
tion  of  the  first  and  second  inches  are  indicated  by  ruigs  cut  round  the 
fuse. 

The  fuse  is  painted  drab  all  over,  except  the  cap,  which  is  not  painted ; 
a  black  ring  is  painted  round  the  junction  of  the  cap  and  fuse. 

They  are  marked  with  the  numeral,  number  of  thousand,  and  month 
and  year  of  issue  in  the  usual  way. 

These  fuses  are  intended  for  use  with  Manby's  24-pounder''  life-saving 
apparatus  at  night.  They  are  placed  in  the  holes  prepared  in  the  base 
of  the  shot,  four  fuses  in  each  shot,  and  being  uncapped,  become  ignited 
by  the  flash  of  the  discharge,  and  serve  to  distinguish  the  path  of  the  shot 
through  the  air  and  indicate  any  error  that  there  may  l)e  in  "  laying," 
Strictly  speaking,  therefore,  they  are  rather  lights  than  fuses.® 

The  Manby  fuses  are  issued  in  zinc  cylinders,  16  in  each,  with  a  paper 
containing  the  following  printed  directions  for  use : 

Fix  the  fuses  firmly  in  the  shot  with  the  mallet  and  setter.  Remove  the  caps  tram 
the  fuses  by  giving  the  tape  a  sharp  pull,  when  the  shot  is  ready  for  firing. 

Note. — Care  must  be  taken  to  protect  the  priming  of  the  fuse  from  moisture. — (Am- 
munition (English),  1867,  p.  270.) 

» Present  pattern  (with  paper  lining),  adopted  14th  February,  1864. — [War  Office 
Circular  No.  1  (new  series),  par.  875.  Respecting  adoption  of  original  pattern,  see 
supra. — D.  A.  L.] 

■As  nearly  as  possible,  the  largest  diameter  of  the  mortar  fuse  is  1.565  inches ;  that 
of  the  Manby  fuse,  1.59  inches ;  the  development  of  cone  of  the  two  fuses  is  the  same. 

3  The  bore  of  the  mortar  fuse  is  .37  inch  in  diameter,  that  of  Man  by 's  fuse  .75  (meas- 
uring outside  of  paper  lining),  or  .6  inch  (measuring  inside  of  paper  lining). 

••  100-pound  paper. 

*  "I  find,  in  consequence  of  the  largeness  of  the  bore  for  the  com|>osition  of  the  Manby 
fuse,  the  wood  is  liable  to  shrink,  and  thus  cause  the  fuse  to  explode  instead  of  burn- 
ing. To  obviate  this  I  propose  to  insert  a  paper  lining  similar  to  that  used  in  my  naval 
time-fuse." — (Letter  from  Colonel  Boxer  to  Director  of  Ordnance,  21January,  1864.) 
This  alteration  was  adopted  14th  Febrtiary,  1864. — (War  Office  Circular  No.  1  (new 
series),  par.  875. ) 

•By  hydraulic  pressure. 

'The  6-pounder  Manby  shot  have  no  fuse-holes. 

•The«e  fuses  bum  12^  seconds.     Limits  12  to  13  seconds. — (Animu.,  1867,  p.  286.) 

[N.  B. — Some  unimportant  foot-notes  have  been  omitted  in  making  this  extract. — 
D.  A.  L.1 
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CHAPTER    11. 

FRENCH  LIFESAVING  GUNS  AND  PROJECTILES. 

The  French  life-savinpf  service  is  in  the  hands  of  the  "  Soci^t^  Centrale 
de  Sauvetage  des  Naufrages,"  and  according  to  Capt.  R.  B.  Forbes,  of 
Milton  Lower  MilLs,  Mass.,  this  society  only  dates  back  to  1865. 

Two  pieces  of  ordnance,  ^'  le  perrier''  and  Fespingole,''  have  been  used 
by  the  French  society  for  projecting  lines  over  shipwrecked  vessels. 

Below  are  given  the  principal  weights  of  these  guns,  projectiles,  and 
charges,  together  with  the  greatest  ranges  obtained  by  an  experimental 
commission  of  French  officers  in  180G. 

French.  English. 

Weight  of  gun 83  kilo8.  182.98  poands. 

Elevation 30°  30° 

Weight  of  powder  charge 140  grams.  4.93  ouuoee. 

Weight  of  projectile  (fl^che) 5  kiloft.  11.02  pounds. 

Extreme  range 325  meters.  356.43yards. 

Deviation 17  meters.  18.59  yards. 

Diameter  of  shot-line 4.5  mUlimeterB.       0.1773  inch. 

French.  English. 

Weight  of  gun 20 kilos.  44.09ponnd8. 

Elevation 25  degrees.  25  degrees. 

Weight  of  powder  charge 50  ^ams  1.76onnce8. 

Weight  of  projectile  (flfeche) 2  kilos.  4.4  }K>unds. 

Extreme  range 180  meters.  196.85  yards. 

Deviation *. 36meter8.  39.37  yards. 

Diameter  of  shot-line 4.5  millimeters.       0. 1773  inch. 

In  their  report  of  November  17, 1866,  the  French  commission  appohited 
to  consider  the  subject  of  life-saving  apparatus  expressed  the  opinion  that 
leperrier  with  a  projectile  weighing  5  kilograms  (11.02  x)oundH)  and  140 
grams  (4.93  ounces)  of  powder,  for  ranges  of  300  meters  (328.089  yards), 
and  Vwpingole  with  a  projectile  of  2  kilograms  (4.4  pounds)  and  50  grams 
(1.76  ounces)  of  powder,  for  ranges  of  180  meters  (196.853  j'ards)  and 
below,  would  be  sufficient  for  all  their  needs.  The  French  recognized 
the  fact  that  a  line  4.5  millimeters  (0.1773  inch)  in  diameter  will  require 
a  larger  line  to  be  hauled  out  to  the  wreck  before  attaching  the  "  whip  ^ 
or  hauling-line. 

DelvignePs  gun. 

More  recentlj"  M.  August  Delvigne  invented  a  gun  for  projecting 
line-carrying  arrows.  The  following  description  of  this  piece  is  taken 
£ix)m  Capt  K.  B.  Forbes's  work  entitled  '^  Life-boats,  projectiles,  and  other 
means  for  saving  life,"  published  in  1872. 

The  new  piece  of  ordnance  got  np  by  Delvi^e,  weighs  only  20  kilos.,  in  made  of 
gnn-metal,  almost  a  straight  cylinder,  about  18  inclies  long,  and  hae  an  iron  tail-piece 
fMsrewed  into  the  breech  and  jointed,  so  that  in  firing  it  is  simply  thrust  into  the  soil 
until  the  square  breech  brings  up ;  the  elevation  is  regulated  by  a  quadrant  and  plum- 
met put  into  the  muzzle ;  the  bore  is  about  1^  inch,  or  half  that  of  the  perrier ;  the  piece 
carries  wooden  arrows,  fitted  with  an  iron  tail  to  reach  the  charge,  and  at  the  muzzle 
these  are  much  larger  than  the  tail-piece,  so  that  the  shock  of  the  explosion  ojierates 
on  the  square  base  of  the  arrow,  which  is  protected  by  a  ring  of  metal. 

In  loaaing  this  piece  a  vacant  space  is  left  as  in  the  others  {leperrier  and  Vespingole), 
and  the  cartridge  is  fired  near  its  outer  end ;  the  piece  being  very  short,  this  brings 
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the  vent  ahout  in  the  center  of  the  len«jth.  The  iron  arrows  are  ahoiit  one-thinl  lon- 
ijer  tlian  the  gun,  and  about  half  tlie  h'ugth  of  the  arrow  is  in  the  gun  when  rea<ly  to 
fire.  The  a<lvantage8  claimed  by  Delvigne  in  this  littU*.  iiiece  over  the  long  perrier 
and  VeapmgoU  are  its  cheapness  and  p<irtability,  while  with  sufficient  charge  it  give* 
an  equal  or  better  range ;  besidefi  the  wowlen  and  iron  arrows  he  fires  a  wooden  arrow 
out  of  the  perrier  or  almost  any  gnu,  wliich  has  cross-bars  of  round  iron  made  mallea- 
ble to  resist  the  shock.  Tln^se  cros8-i)ieceH  are  fixed  at  right  angles  to  the  arrow,  near 
the  outer  end,  and  are  about  as  long  as  three  diameters  of  the  arrow.  It  is  founa  that 
in  firing  this,  the  cross-pieces  are  bent  to  an  angle  of  about  forty-five  degrees  with  the 

?lane  of  the  arrow,  and  thus  form  an  anchor  or  grapnel,  useful  for  many  purposes, 
saw  one  projected  at  Vincennes  about  two  liundred  yards  from  a  four-pound  rifle- 
gun,  which  held  on  to  the  soil  sufficiently  to  hfive  broken  the  line  of  about  inch  stuff. 

Having  briefly  described  the  various  anus  in  use  m  France  for  casting  lines,  it 
becomes  necessary  to  go  a  little  into  detail  as  to  the  means  of  attaching  the  lines, 
which  without  due  knowleilge  and  practice  of  the  system  will  be  quite  useless. 

The  wooden  *^  filches,"  or  arrows,  are  made  both  round  and  eight-square ;  the  former 
must  be  acciu*ately  turned  and  the  latter  planed  true ;  therefore  the  latter  are  more 
simple  and  easy  to*  make  on  hoard  ship,  or  on  shore. 

Tlie  "coulant,"  or,  literally,  nlider,  consists  of  half  a  dozen  turns  of  line  put  on  some- 
thing, as  a  whipping  is  put  on  a  rope,  only  the  ends  overlaid  by  the  rest  must  be  left 
out,  so  that  the  turns  can  easily  be  pulled  taut ;  much  depends  on  this  being  done 
right ;  if  the  turns  are  too  tight,  the  becket  with  its  double  bight  and  the  line  move* 
too  slowly,  and  the  '^coulant'^  jams  half  way,  causing  the  Athene  to  wabble  and  turn 
over;  and  if  put  on  too  loose,  it  runs  down  w^hen  the  gun  is  fired,  so  fast  as  to  break 
when  it  arrives  at  the  projecting  fernile  at  the  base.  It  is  not  too  much  to  say  that 
all  depends  on  this  being  done  right ;  the  fl^che  should  be  slightly  greased  and  the 
line  either  fired  from  a  ball  or  froin  the  ground,  as  in  mortar  exercise.  Practice  has 
made  this  so  perfect  that  in  iYance  failures  seldom  occur  from  this  cause. 

AiTows  of  wood  have  the  advantage  of  floating  if  they  drop  near  the  wreck,  and  of 
being  readily  recovered  when  they  go  beyond  or  fall  shori.  Tne  iron  fleche  is  intended 
for  long  ranges  or  strong  contrary  winds.  The  distance  depends  so  much  on  weather, 
on  the  amount  of  charge,  elevation,  and  the  line  running  dear,  that  I  will  only  say  it 
varies  from  180  to  350  meters  (196.85  yards  to  382.77  yards). 

In  1872  Delvigiie's  new  ^uu,  weighing  20  kilos.  (44.09  pounds),  gave  a 
range  of  300  met<?rs  (328.01)  yards),  with  a  wooden  fleche  weighing  8 
kilos.  (17.63  pounds),  and  a  shot-line  8  millimeters '(0.315  inch)  in  diam- 
eter. 


CHAPTER    III. 

Section  I.  3-INCn  PAEIIOTT  MOETAR— SMOOTH  BORE. 

1.  Description. 

This  mortar  is  the  invention  of  Mr.  R.  P.  Parrott,  of  the  West  Point 
Foundry,  Cold  Spring,  N.  Y.  It  is  made  of  cast  iix)n  and  lined  with  a 
steel  tube.  The  piece  is  cylindrical  about  the  seat  of  the  charge,  gradu- 
ally tapering  to  the  face  of  the  muzzle.  The  breech  is  hemispherical. 
The  trunnions  are  placed  near  the  breech  ;  their  projection  upon  a  plane 
through  the  vent  and  axis  of  the  bore,  being  in  ffont  of  and  tangent 
to  a  phine  perpendicular  to  that  axis  and  containing  the  front  end  of 
chaml)er.    The  chamber  ha«  the  form  of  the  frustum  of  a  cone. 

2.  Shot. 

The  projectile  is  of  ca,st  iron,  cylindrical,  with  the  ends  rounded.  An 
eye-bolt  is  screwed  into  the  base  for  the  attachment  of  the  line.  The 
eye  of  this  bolt  is  close  to  the  base  of  the  shot.  Tlie  cylindrical  portion 
is  turned  in  a  lathe  so  as  to  be  almost  a  perfect  fit  for  the  bore. 
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3.  Safety-attachmknt.* 

This  contrivance  eoiisists  of  a  piece  of  rubber,  rectaugailar  in  cross-sec- 
tioKj  about  1/  long,  0".75  wide,  and  0".5  thick,  and  of  three  or  four  galva- 
iiized-iron  wires  about  6'  long,  laid  parallel  to  each  other,  loosely  twisted 
and  coiled  into  a  helix  of  from  18  to  19  turns.  The  rubber  strap  is  some- 
times placed  inside  the  coil,  and  at  others  outside  of  it. 

This  combined  strap  and  spring  is  interposed  between  the  shot  and 
line  in  firing.  The  object  of  the  combination  is  to  absorb  the  shock  of 
the  discharge  and  thus  prevent  the  breakage  of  the  line,  by  letting  the 
first  jerk  come  upon  the  rubber,  which  wSl  generally  break,  and  then 
upon  the  coiled  wire  spring.  The  wires  will  l^  straightened  out  before 
the  full  strain  falls  upon  the  line. 

4.  Dimensions,  weights,  &c. 

^-inch  £.  F,  Parrott  mortarA 

Exterior  diameter  at  breecli 8.2  inchcfl. 

Kxterior  (Uanieter  at  muzzle 5.8  iiicheH. 

Steel  tube  :  Thickness  of  wallH 0.6  inch. 

Thickness  at  bottom  of  chamber 1.4  iueheH. 

ThicknesH  of  cast  iron  at  breech 3  inches. 

Total  thickness  of  metal  at  breech,  iron  and  steel 4.4  inches. 

Diameter  of  bore 3  inches. 

Chaml>er,  frustum  of  cone  :  Length 0.9   inch. 

Greatest  diameter 3      inches. 

Least  diameter 1.4    inches. 

Weight  of  mortar 201.5    pounds. 

Weight  of  caniage,  or  bed,  wood,  about 65.5    pounds 

Total  weight,  mortar  and  bed 267        pounds. 

rrojeciilc. 

Length 14.95  inches. 

Diameter,  scant 3       inches. 

Weight  with  safety-attachment 24      poimds 

• 

The  writer  is  indebted  to  Mr.  Kemble  of  the  firm  of  Paulding,  Kemble 
&  Co.,  for  the  above  information  in  regard  to  the  Parrott  mortar. 

5.  Experiments  with  3"  parrott  mortar,  made  at  the  west 
point  foundery,  cold  spring,  n.  y.,  june  20,  1877. 

This  trial  took  place  under  the  immediate  supervision  of  Capt.  J.  H. 
Merryman,  XJ.  S.  Eevenue  Marine,  inspector  of  the  life-saving  service, 
and  in  the  presence  of  Mr.  S.  I.  Kimball,  of  the  Treasury  Department,  gen- 
eral superintendent  of  the  United  States  Life-Saving  Service.  The  writer 
also  was  present. 

a.  Firing-ground, 

The  firing  was  done  over  a  marshy  piece  of  ground ;  the  mortar  being 
placed  upon  a  raised  platform  near  the  edge  of  the  marsh.    A  flag  wus 

•This  device  was  iu vented  by  Ca]»t.  Doiij^Ias  Ottinger,  of  the  Revenue  Marine,  in 
the  course  of  his  experiments  at  the  West  Point  Foundry.  It  is  referred  to  by  Mr.  8. 
I.  KiinbaU,  in  his  ''Annual  Report  of  the  Operations  of  the  United  States  Life-Saving 
Service,  1876,"  p.  24. 

tMr.  Farrott  constructed  two  mortare  of  larger  caliber,  one  for  the  station  at  Peaked 
Hill  Bar  and  the  other  for  a  station  adjacent  to  it,  ujKin  Cape  Cod,  Mass. 

The  foUowin^  data  are  available  in  regard  to  these  two  mortars,  viz : 

Caliber,  3.5  inches ;  weight  of  mortar,  300  iK)unds ;  weight  of  bed,  222  pounds ; 
total  weight  of  mortar  and  bed,  522  pounds ;  weight  of  projectile,  33  x>ounds ;  charge 
of  powder,  8  ounces ;  range,  496  yards. 
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posted  400  yards  distant,  to  indicate  the  direction  to  be  observed  in 
pointing.  After  each  shot  a  m^n  was  sent  out  to  measure  the  de^aation 
from  the  line  of  Are  and  to  ascertain  the  range  of  the  shot.  The  platform 
for  the  mortar  was  made  of  loose  earth  overlaid  with  2-inch  plank  placed 
parallel  to  the  plane  of  fire.  Its  arrangement  and  lack  of  solidity  was 
such  as  to  make  the  recoil  of  the  piece  appear  more  severe  than  it  would 
have  been  under  more  favorable  circumstances.  The  mortar  platform 
was  over  ten  feet  above  the  level  of  marsh. 

b.  Pointing, 

The  direction  was  given  by  the  eye  of  the  gunner,  the  elevation  was 
obtained  by  means  of  a  wooden  quadrant  and  iilummet.  No  great 
accuracy  was  observed  in  taking  the  elevations. 

e.  Shot-lines. 

Three  diflferent  kinds  of  lines  were  used  ui)on  this  occasion. 

1st.  This  was  the  smallest  line — Diameter,  0".22  (estimated).  It  was 
braided  like  sash-cord.  It  was  manufactured  by  the  Silver  Lake  Com- 
pany of  Newtonville,  Mass.  The  material  is  linen  thread.  Its  exterior 
finish  was  very  smooth  and  hard.  The  length  was  600  yards,  and  weight 
about  35  i)ounds. 

2d.  The  diameter  of  this  line  was  a  little  greater  than  that  of  the  above. 
The  material,  ItaUan  hemp ;  the  length,  600  yards ;  weight,  about  50 
pounds.  It  was  twisted  in  the  usual  manner.  It  is  the  kind  heretofore 
employed  in  the  service.  It  was  manufactured  by  Cummings,  of  PhUar 
delphia. 

3d.  An  English  rocket-line  of  Italian  hemp,  strands  very  loosely  laid 
up ;  line  very  flexible.  Diameter  greater  than  that  of  either  of  tlieother 
lines.  Length,  560  yards  ]  weight,  about  42  pounds. 

d.  Charges  of  powder. 

These  were  measured,  not  weighed.  Hazard^s  Standard  "  musket  pow- 
der'' was  stated  to  have  been  used. 

e.  Record  of  firings  with  3"  Parrott  mortar,  at  Cold  Spring.  X.  T,.  June 

20,  1877. 

[Projectile,  weight:  24  poiimU.    Elevation:  25°  in  every  ea»e.    Kind  of  powder:  Hazard  niUHket.] 
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*  The  force  and  directions  of  the  wind  are  approximations  only,  being  estimated. 
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/.  Action. 

First  shot — Silver  Lake  linen  line  ran  out  beautifully,  without  kink  or 
knot.  Shot  kept  i)oint  first  in  latter  part  of  trajectory.  Eecoil  of  mor- 
tar and  bed  about  6  feet. 

Second  shot — Eecoil,  7  feet ;  tore  up  i)latforni  and  slid  up  bank  in 
rear. 

Third  shot — ^Wire  broke  near  the  projectile.    Recoil  of  piece,  6  feet. 
Projectile  rotated  about  its  shorter  axis. 

Fourth  shot — Recoil  of  mortar  severe,  upset  carriage  and  broke  it 
slightly.  Part  of  line  carried  out,  wire  broke  again ;  shot  rotated  about 
shorter  axis. 

Fifth  shot — Same  line  tied  directly  to  the  shot  without  the  interjwsi- 
tion  of  the  rubber  and  spiral  spring.  Line  carried  out  all  right.  Recoil 
severe,  mortar  and  bed  turning  upside  down. 

Sixth  shot — ^Line  tied  to  shot.  Violent  recoil,  mortar  and  carriage 
turning  upside  down  upon  the  platform. 

Seventh  shot — Same  line  used  (Silver  Lake),  and  tied  directly  to  the 
shot.  Line  kinked,  a  large  knot  being  found  about  100  yards  from  the 
XM>int  of  filing.  Probably  due  to  bad  faking.  Recoil  very  \aolent,  mor- 
tar jumping  from  platform  and  turning  upside  down. 

l^OTE. — Li  his  later  projectiles  Mr.  Parrott  has  changed  the  form  of 
the  base,  making  it  more  pointed,  and  drilling  a  hole  tlirongh  it  for  the 
attachment  of  the  line. 

g.  Result. 

In  reganl  to  the  above  record  of  firings  with  the  Parrott  mortar,  Mr. 
KimbaU,  the  general  superintendent  of  the  United  States  Life-Saving 
Service,  says :  "At  the  trial  a  range  of  473  yards  was  obtained.  In  view 
of  this  gratifying  result,  twenty-five  of  these  guns  were  ordered  and  have 
been  properly  distributed.''* 

[Copy  from  printed  recortl.] 

Section  U.— IMPROVEMENT  IN  PROJECTILES. 

Specification  forming  part  of  letters  ]iatout  No.  175742,  dated  April  4th, 

1876  5  application  filed  March  6th,  1876. 

To  all  ichom  it  niay  concern : 

Be  it  known  that  I,  Robert  P.  Pan^ott,  of  Cold  Spring,  in  the  county 
of  Putnam  and  State  of  New  York,  have  invented  a  new  and  useful  Im- 
provement in  Combined  Projectiles  and  Life-Lines ;  and  I  do  hereby 
declare  that  the  following  is  a  full,  clear,  and  exact  description  of  the 
same,  reference  being  had  to  the  accompanying  drawing,  which  forms 
part  of  this  specification. 

This  invention  relates  to  those  means  for  saving  life  by  establishing 
communication  from  the  shore  or  elsewhere  with  a  vessel  which  has  been 
wrecked,  in  which  a  shot  or  projectile  having  a  line  attached  to  it  is 
thrown  from  a  mortar.  Ordinarily  a  round  shot,  having  the  line  attached 
to  it  by  a  coiled  wire,  has  been  used  for  said  purpose,  but  there  has 
always  been  a  difficulty  in  reaching  a  distant  vessel,  as  the  charge  of 
powder,  if  increased,  is  apt  to  break  the  line  at  its  attachment  to  the 
shot.  In  order  to  get  greater  range  without  thus  exjwsing  the  line  to 
breakage  or  disconnection,  numerous  attempts  to  attain  the  desired  end 

•  Soe  "Annual  Report  of  the  Operations  of  the  United  Statea  Life-Saving  Service  for 
the  fiscal  year  eudiug  June  30^  1877/'  p.  40. 
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have  been  made  witli  an  elongated  shot,  whicli,  owing  to  the  reduced  re- 
sistance it  presents  to  the  air  over  or  as  compared  with  the  round  shot, 
hits  a  greater  range  for  a  given  charge  of  jKiwder.  But  in  the  i)reviou8 
use  of  elongated  shots  for  the  piu-pose  practical  difficiUties  have  arisen, 
either  as  regards  the  disposition  or  connection  of  the  line  and  in  other 
respects,  which  have  involved  so  much  comjilication  or  otherwise  been  so 
defective  that  objections  have  been  raised  to  the  use  of  them. 

My  invention  not  only  obviates  these  defects,  but  combines,  in  the 
use  of  an  elongated  projectile  for  the  puqM)se  named,  cheapness,  facility, 
and  efficiency.  Thus  I  use  a  simple  or  plain  elongated  pix>jectile,  hav- 
ing no  groove  cut  lengthwise  in  it  for  reception  of  tlie  line,  as  in  a  cer- 
tain other  method,  but  I  attach  the  line  by  its  coiled  wire  to  the  point 
or  front  end  of  the  elongated  projectile  as  inserted  in  the  mortar,  so 
that,  when  firing,  the  check  which  is  produced  as  the  shot  feels  the  draw 
of  the  Ime  causes  the  shot  to  be  turned  over  end  for  end.  This,  by  rea- 
son of  the  elongated  form  of  the  shot,  materially  eases  the  strain  or  re- 
duces the  first  shock  upon  the  line's  attachment  to  the  shot,  and  the 
shot,  which  draws  the  line  after  it,  goes  perfectly  tnie  to  its  destination. 
In  this  way,  or  by  these  means,  I  get  a  long  range,  and  avoid  breakage 
of  the  line's  attachment  to  the  shot,  also  secure  a  true  travel  for  the 
latter. 

In  the  accomi)anying  drawing  (Plate  L),  Fig.  1  represents  a  longitudi- 
nal section  of  a  mortar  with  an  elongated  projectile,  having  a  life-line 
attached,  and  as  about  to  be  thrown,  the  whole  being  constnicted  in  accord- 
ance with  my  invention.  Fig.  2  is  a  view  on  a  reduced  scale,  showing 
the  projectile  after  it  has  been  turned  end  for  end  as  it  first  feels  the 
draw  of  the  line  upon  it,  and  sho\>ing  said  shot  \yith.  its  attached  line  in 
the  course  of  its  flight.  In  Fig.  1,  A  is  the  mortar ;  B  the  elongated 
projectile,  having  the  line  0  connected,  through  the  interposition  of  a 
spring  or  coiled  wire  D,  with  the  forward  end  of  the  shot  as  the  latter 
is  inserted  in  the  mortar ;  and  E  is  the  charge  of  powder  by  which  the 
13roje<*tile,  with  its  attached  line,  is  thrown  from  the  mortar,  said  line 
being  laia  in  a  loose  cod  outside  of  the  mortar.  In  Fig.  2  the  same  let- 
ters apply  to  like  parts,  but  the  shot  has  been  turned  end  for  end  as  it 
first  feels  the  di*aw  upon  the  line. 

It  is  not  necessary  that  the  coiled  wire  D  should  of  itself  be  the 
spring  or  only  spring  interposed  between  the  end  of  the  projectile  and 
the  line,  inasmuch  as  a  rubber  strip  or  sprmg,  F,  may  be  independently 
applied  to  connect  the  line  \\itli  the  i)rojectile  and  such  elastic  strip  or 
si)ring  be  passed  through  the  coiled-wire  connection  D. 

I  claim — 

The  combination  with  the  elongated  projectile  B  of  the  line  C  and  iii- 
teri^osed  spring  or  coiled  wire  I),  ai^plied  to  connect  the  line  with  that 
end  of  the  elongated  projectile  which  is  forward  or  outennost  when  the 
projectile  is  inserted  in  the  mortar,  substantially  as  and  for  the  i)uri)oses 
herein  set  forth. 

KOBERT  P.  PARROTT. 

Witnesses : 

Henry  Jaycox. 
Alexander  Skene. 
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CHAPTER  IV. 

HUNT'S  LIFE-SAVmG  APPAEATUS. 

Section  I. 

Mr.  Edmund  S.  Hunt,  of  Weymouth,  Mass.,  has  invented  a  line- 
throwing  apparatus,  intended  for  life-8a\ing  purposes.  A  full  descrip- 
tion of  this  invention  is  given  below  in  the  specification  forming  part  of 
the  letters  patent  and  in  the  letter  from  Mr.  Hunt  to  the  Secretary  of 
the  Treasury',  dated  February  7, 1878. 

The  writer  was  present  at  several  trials  of  this  projectile.  The  results 
of  his  obser\'ations  will  be  found  upon  subsequent  pages. 

IMPROVEMENT  IN  LINE-THROWING  APPARATUS. 

Specification  forming  part  of  letters  patent  No.  203274,  dated  May  7, 
1878;  application  filed  January  25,  1878.    (See  Plate  LI.) 

To  all  whom  it  may  concern : 

Be  it  known  that  I,  Edmund  S.  Hunt,  of  Wejinouth,  in  the  county  of 
Norfolk  and  State  of  Massachusetts,  have  invented  certain  improve- 
ments in  line-throwing  apparatus,  of  which  the  following  is  a  ftill,  clear, 
concise,  and  exact  description,  reference  being  had  to  the  accompanying 
drawings,  making  a  part  hereof. 

My  invention  is  more  especially  designed  for  tlirowing  a  line  from  the 
Rhore  to  a  wreck  or  from  a  wreck  to  the  shore,  but  is,  of  course,  adapted 
to  other  uses. 

The  drawings  illustrate  a  shot  having  my , coil-case  applied  to  it,  also 
one  of  my  hand  coil-cases,  and  also  a  line-support  attached  to  the  gun. 

The  distinguishing  characteristic  of  my  invention  consists  in  the  projec- 
tile made  up  of  a  short  hea^^  shot  and  a  long  light  case  containing  the 
line,  the  case  being  open  at  the  mouth,  and  the  projectile  adapted  to  be 
tired  with  the  shot  next  to  the  powder  and  the  coil-case  at  the  mouth  of 
the  cannon,  and  to  reverse  itself  soon  after  it  leaves  the  gun. 

The  minor  features  of  my  invention  relate  to  the  mode  of  coiling  the 
line  and  the  mode  of  holding  it  and  of  preventing  injury  to  it  from  the 
^ases  which  escape  from  the  mouth  of  the  gun. 

Jn  that  form  of  projectile  shown  in  the  drawings,  A  is  the  powder,  B 
the  shot,  C  the  coil-case,  and  D  the  coil.  E  is  a  wooden  mouth-piece 
attached  to  the  case  C,  in  order  to  make  it  sure  that  the  shatp  edge  of  C 
shall  not  injure  the  line. 

The  end  d  of  the  line  is,  where  a  light  line  is  used,  attached  to  a  short 
piece  of  stouter  line,  €?,  the  line  d^  being  less  likely  to  be  iiyured  by  the 
escaping  gases,  &c.,  near  the  mouth  of  the  gun  when  fired.  For  a  Uke 
reason  the  line  cP  is  supported,  as  shown,  by  the  supporter  O,  which 
3>revents  it  firom  lying  directly  across  the  mouth  of  the  gun,  that  being 
the  most  unfavorable  position  for  it. 

The  coil  is  formed  by  winding  the  line  upon  a  mandrel,  the  line  pass- 
ing through  a  vessel  containing  melteil  parafQne  or  other  like  substance, 
and  also  passing  through  a  proper  tension  mechanism,  to  make  the  coil 
compact.    A  single  coil  is  first  wound  of  the  desired  lengthy  next  a 

20  ORD 
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second  coil  over  but  the  reverse  of  the  first ;  then  a  third  like  the  first 
but  over  the  second;  then  a  fourth  like  the  second  but  over  the  third, 
and  so  on,  forming  a  compact  cylindrical  coil,  containing  the  desired 
length  of  line,  the  size  of  coil  varying,  of  course,  with  the  length  and 
size  of  the  line.  The  hand-coil  is  made  in  the  same  way.  After  the  coil 
is  put  in  the  case  a  sniall  amount  of  melted  paraffine  is  applied  between 
it  and  the  case,  and  it  is  thus  held  securely  in  the  case. 

I  propose  in  practice  to  make  the  hand-coil  of  considerably  heavier 
line  than  the  shot-coil,  using  for  the  hand-coil  the  line  d^. 

I  prepare  my  improved  api)aratus  by  putting  the  hand-coil  and  shot- 
coil  mouth  to  mouth  and  covering  the  joint  with  a  short  metal  cylmder, 
and  make  the  whole  water-tight  by  a  i)roper  casing. 

To  use  the  apparatus,  separate  the  hand-coil  from  the  projectile,  load 
the  projectile  mouth  outward,  place  the  line  dP  over  the  supporter  G,  as 
shown,  and  hold  the  hand-coil  in  the  hand,  its  mouth  in  the  same  direc- 
tion as  the  mouth  of  the  gun.  When  the  gun  is  fired,  only  a  small  portion 
of  the  line  from  the  hand-coil  will  be  drawn  out.  The  length  of  cx)il  in 
the  shot  should  be  considerably  in  excess  of  the  travel  of  the  shot,  which 
will,  of  coui'se,  depend  upon  well-known  principles. 

I  am  awai'e  of  patent  No.  23726,  of  1859,  to  Trowbridge,  which  de- 
scribes a  sounding  apparatus  on  a  princii)le  closely  analogous  to  the 
prihcii)le  of  my  new  projectile;  and  1  disclaim  all  that  is  described  and 
shown  in  that  patent. 

I  am  also  aware  of  the  French  patent  to  Delvigne,  A.  D.  1847,  vol.  10, 
plate  xlii,  which  shows  a  shell  or  hollow  shot  with  a  coil  of  line  and  a 
hole  at  the  base  of  the  shell  through  which  the  line  extends.  This  I 
disclaim,  as  my  projectile  has  the  coil-case  at  that  end  of  the  shot  far- 
thest from  the  powder,  and  the  mouth  of  the  coil-case  is  at  it«  front  end 
w^hen  the  shot  is  in  tlie  cannon,  the  shot  proper  being  so  much  heavier 
than  the  coil-case  and  coil  that  when  fired  the  projectile  will  reverse 
itself  as  soon  as  it  leaves  the  gun,  that  is,  when  loaded  the  shot  is  be- 
hind the  coil-case  and  the  mouth  of  the  case  is  forwanl,  but  during  nearly 
the  whole  of  its  flight  the  shot  is  in  front  and  the  coil-case  behind  it,  the 
mouth  of  the  case  being  then  at  the  rear  of  the  projectile.  In  this  way 
the  coil-case  can  be  ma<le  of  sheet-metal,  which  is  altogether  too  weak 
to  resist  the  sho<jk  of  the  explosion,  and  the  center  of  gravity  of  the  pro- 
jectile be  brought  very  near  the  powder,  thus  protecting  the  coil  and 
coil-case  from  the  shock  and  from  the  ga>ses  without  the  use  of  a  sabot 
or  any  other  contrivance,  besides  greatly  reducing  the  cost  of  the  pro- 
jectile. 

What  I  claim  as  my  invention  is — 

1.  The  projectile  above  described,  composed  of  the  shot  B  and  coil-case 
O  and  coil  D,  the  coil-case  being  open  in  front,  and  the  shot  B  being 
much  heavier  than  the  coil-case  and  coil,  the  whole  constructed  and  ar- 
ranged substantially  as  shown,  and  adapted  to  be  fired  with  the  mouth 
of  the  coil-case  outward,  and  to  reverse  itself  as  soon  as  it  leaA-es  the  gun. 

2.  The  coil  composed  of  a  series  of  coils,  packed  with  parufline  or  its 
equivalent,  substantially  as  described. 

3.  Tlie  supporter  G,  in  combination  with  the  gun  II,  substantially  as 
and  for  the  purpose  specified. 

4.  The  improved  mode  of  throwing  a  line  above  described,  consisting 
in  using  a  hand-coil  in  connection  with  a  shot-coil,  the  latter  coil  being 
in  a  case  or  holder  forming  a  part  of  and  traveling  with  the  shot,  and  the 
former  coil  being  held  stationary,  the  lines  composing  the  two  coils  be- 
ing joined  together  at  their  contiguous  ends,  all  as  above  described. 
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Section  II. 

[Mr.  Hunt's  letter  to  the  honorable  Secretary  of  the  Treasury.] 

Weymouth,  Mass.,  February  7, 1878. 

Sib  :  Inclosed  is  a  copy  of  my  shell  (3-inch)  for  carr;ying  a  line  for  life- 
saving  purposes,  a  description  of  which  I  will  now  give. 

The  case  of  the  shell  is  made  of  tin,  with  wings  of  the  same.  In  the 
end  is  cast  a  leaden  shot,  made  so  as  to  fit  the  gun  accurately  without 
windage.  The  tin  shell  contains  the  line,  wound,  as  the  model  shows,  in 
the  closest  possible  space.  The  line  being  prepared  in  paraffine  and 
drawn  from  the  center,  comes  out  without  Ruling  and  mthout  any  drag 
on  the  shot,  it  traveling  about  as  far  with  the  line  as  witliout  it.  The 
wings  are  to  keep  the  shell  in  line,  and  in  so  doing  goes  a  much  greater 
distance  than  if  turning  in  the  air.  The  coil,  !Xo.  2, 1  hold  in  my  hand 
when  the  gnu  is  fired,  between  which  and  the  shell  is  a  stout  cord  con- 
necting the  two  small  lines.  On  my  gun  is  a  rod  carried  out  from  the 
gun,  in  a  line  with  ihe  bore,  with  a  fork  or  crotch  in  the  end,  that  this 
connecting  line  is  carried  over,  saving  the  line  from  breaking  at  the 
moment  of  discharge.  The  coil  in  the  shell  is  the  same  as  the  2-inch, 
only  there  is  much  more  line  in  the  shell. 

In  using,  I  place  the  powder  in  the  gun,  and  put  in  the  shell,  shot  end 
down ;  then  carry  the  heavy  line  over  the  rod  and  hold  the  coil  No.  2  in 
my  hand,  and  apply  the  match.  The  result  is  this :  the  shell  leaves 
the  gun  and  immediately  turns  over  and  takes  its  course,  the  line  pay- 
ing out  from  it  until  it  strikes  the  object  intended.  The  explosion  of  the 
powder  seems  to  throw  the  heavy  cord  that  connects  the  two  lines  some 
two  or  three  hundred  feet  from  the  gun,  and  then  you  find  the  end  of 
line  in  the  shell,  so  that  a  small  part  of  the  line  is  taken  from  the  hand ; 
and  that  is  taken  out  by  the  fire  explosion,  and  after  the  shell  has  reached 
the  ground  and  the  line  being  in  the  air,  in  falling  draws  from  the  coil. 
A  shell,  size  of  the  model,  will  carry  a  line,  size  of  one  now  in  it,  1^000 
feet  with  f  ounce  powder  at  a  very  low  elevation ;  with  a  shell  of  2-inch 
diameter,  and  a  charge  of  2J  ounces  powder,  a  range  of  one-half  mile, 
carrying  the  same  line,  which,  though  being  smaller,  is  very  strong, 
being  the  same  used  by  me  for  dra>\ing  a  rope  of  sufficient  size  to  tow 
a  hawser  in  an  exhibition  before  the  Humane  Society  at  Hull  last  week. 

In  this  method  of  throwing  line  a  sufficient  amount  of  line  to  reach 
the  object,  must  be  always  coiled  in  the  shell,  as,  if  the  wind  is  directly 
ahead,  but  little,  if  any,  line  will  be  taken  from  tJie  hand,  and  the  slack 
of  the  line  will  fall  behind  you.  For  this  reason  it  is  always  better  to 
have  ready  more  line  in  the  shell  than  what  is  wanted  for  the  distance 
the  shell  goes ;  a  side  wind  taking  up  more  line  than  a  head  wind,  or 
one  with  you. 

The  advantages  I  claim  over  the  old  methods  are  these: 

Ist.  The  line  has  no  effect  on  the  direction  of  the  shell,  it  simply  pay- 
ing the  line  out,  the  shell  going  as  directed  with  a  side  wind  as  \^ith  one 
with  it. 

2d.  The  shell  goes  seemingly  as  well  with  the  line  as  ^lithout,  so  that 
distance  is  overcome  very  easily. 

3d.  The  gun  is  a  very  small  affair,  my  largest  3-inch  gun  for  experi- 
ments weighing  but  30  pounds.  One  that  has  thrown  a  shell  and  line 
J  mile  weighs  10  pounds  without  the  carnage. 

4th.  The  lines  are  all  put  up  in  parafline,  so  that  the  weather  cannot 
injure  them  fix)m  wet,  cold,  or  heat. 
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5th.  The  whole  affair,  gun,  shell,  and  line,  can  be  carried  by  one  man^ 
requiring  neither  horse  nor  carriage. 

Very  respectfully,  your  ob^ient  ser^^ant, 

EDWAKD  8.  HUNT. 
Hon.  John  Sherman, 

Secretary  of  the  Trefisuri/,  Washin{ftonj  D.  C. 

N.  B. — ^The  above  is  a  transcript  of  an  official  copj^  of  Mr.  Hunt's  let- 
ter.— D.  A.  L. 

Section  HI.— TRIALS  OP  HUNT'S  APPARATUS. 

I.  First  trial. 

The  first  trial  of  this  apparatus  in  the  presence  of  the  writer  occurred 
at  Weymouth,  Mass.,  during  the  latter  part  of  February,  1878. 

The  following  is  an  abstract  of  a  report  of  that  trial  made  to  the  Gen- 
eral Superintendent  of  the  Life-Saving  Ser>ice : 

1.  Firing-grotind. 

The  firing-ground  was  very  uneven,  was  covered  by  a  growth  of  bushes 
and  trees,  and  was  intersected  by  a  strip  of  swampy  ground.  At  the 
point  where  the  shot  usually  fell  the  ground  was  considerably  higher 
than  it  was  at  the  firing-point.  A  fiag  was  placed  at  (an  estimated)  400 
yards'  distance  from  the  guns.  This  flag  was  on  or  near  the  crest  of  the 
hill.    No  range  had  been  measured. 

2.  Oiins, 

There  were  two  of  these : 

Ist.  A  2-inch  caliber,  weight  about  10  pounds  j  length  of  bore  about  12 
inches.  This  piece  was  made  of  a  short  length  of"  drawn  ^  brass  tubing 
and  had  a  reinforce  of  steel  or  wrought  iron  around  the  breech.  The 
breech-plug  was  a  piece  of  cast  iron  flEistened  to  the  cylindrical  portion  of 
the  gun  by  two  wrought-iron  pins. 

2d.  This  gun  had  a  caliber  of  3  inches ;  its  length  was  a  little  greater 
than  the  2-inch  gun,  and  its  weight  was  about  40  or  45  jwunds.*  It  also 
was  made  of  brass  tubing.  It  had  two  reinforcing  bands,  the  inner  of 
steel  or  wrought  iron,  the  outer  one  of  brass.  The  cast-iron  breech-plug 
was  held  in  position  by  pins.  It  was  stated  by  the  inventor  that  these 
guns  were  only  temporary  contrivances  to  show  the  principle  of  his 
invention. 

Though  the  whole  gist  of  his  invention  is  contained  in  his  projectile,  it 
has  been  deemed  necessary  to  a  definite  understanding  of  the  subject  to 
give  some  of  the  more  i)rominent  correlative  details. 

3.  Projectiles. 

These  were  tin  cylinders  with  leaden  heads  cast  upon  them.  The  coils 
of  line  were  stored  inside  the  shells.  The  tx)tal  length  is  between  16  and 
18  inches.  Two-inch  and  three-inch  calibers  were  used.  The  2-inch  shell 
with  line  weighed  about  7  pounds,  the  3-inch  with  line  about  10  pounds. 

•  The  above  weight,  40  or  45  pounds,  was  the  one  ffiven  me  by  the  inventor  on  the 
date  of  trial.  It  may  be  noted  that  in  his  letter  to  the  Secretary  of  the  Treasury  the 
inventor  states  the  weight  of  the  3"  gun  to  bo  "but  30  pounds."  It  is  probable  that 
the  latter  was  the  weight  before  the  outer  reinforcing  band  was  added  to  the  gun.' — 
D.  A.  L. 
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4.  Shot-lines. 

Two  Gizes  of  linos  were  usecl.  The  smaller  line  was  made  of  pack-tliread 
and  used  in  the  small  shells.  The  larger  line,  used  in  the  3'^  shells^ 
weighed  about  3  pounds.  After  firing  it  appeared  to  be  about  the  size 
^^  Silver  Lake  !No.  3^."  The  material  wa^  linen  thread,  loosely  laid  up  in 
three  strands,  without  much  twist. 

The  lines  were  put  up  in  coils  6  inches  long  and  were  saturated  with 
parafUne.  The  lines  were  prepared  for  use  by  coiling  around  a  spindle 
placed  in  a  lathe.  The  ends  of  the  lines  in  the  coils  were  tied  together, 
after  which  the  coils  are  inserted  in  the  shell  one  above  the  other,  three 
in  all.  A  similar  coil  was  held  in  the  hand  of  the  operator  when  about  to 
fire.  The  ends  of  the  lines  in  the  shell  and  hand  coil  were  made  fast  to 
the  extremities  of  a  larger  piece  of  line  (Xo.  7)  about  three  feet  in  length, 
which  was  passed  over  the  line-supporter  that  projects  over  the  gun. 
This  device  is  to  prevent  the  burning  off  of  the  small  line  by  the  escaping 
gases  at  the  instant  of  discharge. 

5.  Poivder. 

The  Oriental  Powder  Company's  "Duck"  powder  was  used  for  firing. 
Charge,  2J  to  3J  ounces,  by  measure.    No  cartridge-bags  were  used. 

6.  JtecaiL 

As  the^e  experiments  were  only  to  test  the  line-carrying  properties  of 
the  prqjectiles  no  gun-caiTiages  had  been  provided.  The  guns  were 
mounted  in  a  notch  or  groove  cut  in  a  log.  This  piece  of  timber  was 
imbedded  in  the  earth  flush  with  the  surface ;  of  course  no  recoil  was  ap- 
parent. 

7.  Experiments. 
Five  shots  were  fired. 

1.  This  was  with  a  2-inch  projectile  and  pack-thread  fired  from  the 
small  gun.  The  projectile,  notwithstanding  the  "  wings,"  turned  over 
and  over  about  one  of  its  shorter  axes.  Kange  between  350  and  380 
yards.  A  portion  of  the  force  of  the  powder  was  expended  in  blowing 
out  the  breech  of  the  gun.  Tlie  bowing  or  drift  of  the  light  line  was 
considerable,  though  the  wind  was  very  light.  The  line  paid  out  well 
from  the  coils. 

2.  Three-inch  projectile  from  larger  gun.  Shot  turned  over  three  or 
four  times  and  then  proceeded  point  foremost.  Shot  deviated  but  little 
from  plane  of  fire,  but  the  line  drifted  badly.  Range,  estimated,  nearly 
400  yards. 

3.  Three-inch  projectile  used.  Shot  turned  over  two  or  three  times 
Line  paid  out  in  bunches^  from  the  coils  catching  on  each  other.  Line 
did  not  drift  so  badly  as  m  la«t  shot ;  operator  drew  in  part  of  the  slack 
from  the  rear.    Bange  about  the  same  as  the  above. 

4.  Two-inch  shot.  Shot  turned  over  once  or  twic>e  and  then  kept 
point  direct  to  the  front.    Range  good,  about  4(K)  yards. 

5.  Two-inch  shot.  Projectile  turned  over  twice,  and  attauied  a  good 
range,  estimated  by  those  present  at  600  yards.  There  was  a  <lifference 
of  opinion  as  to  where  it  fell.  No  one  went  out  to  see  where  it  struck 
at  the  time.  The  writer  thought  it  fell  inside  of  500  yards,  but  the 
Bliadow  of  the  woods  rendered  the  jwint  of  fall  uncertain. 
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8.  RemarJcs, 

The  line  was  not  broken  or  cut  in  a  single  instance,  and  Mr.  Hunt 
stated  that  it  had  never  l>een  cut  during  any  of  his  exiieriments. 

The  first  spring  of  the  projectile  into  the  air  generally  carried  a  por- 
tion of  tlie  line  from  the  coil  which  was  held  in  the  operator's  hand. 
After  the  reversal  of  the  shot,  the  line  waa  paid  out  from  the  coils  in 
the  shot. 

There  are  two  chances  for  the  line  to  be  carried  out  instead  of  one, 
namely :  1st,  From  the  coils  in  the  shot ;  2d,  Fix)m  the  coil  in  the  hand  in 
case  the  first  line  should  foul  in  the  projectile.  The  line  was  badly 
twisted  by  being  drawn  from  the  center  of  the  coils,  as  every  turn  in 
the  coil  counted  as  one  t\\ist.  This  trouble  has  been  ob\iated  hy  Mr* 
Hunt,  by  winding  the  coils  in  opi)osite  directions.  It  would  not  be  easy 
to  prepare  the  line  for  a  second  shot,  as  it  would  require  a  lathe  to  do 
the  work  expeditiously. 

[Note. — ^Later,  Mr.  Hunt  stated  that  in  actual  service  he  intended 
that  the  line  and  shot  should  be  sacrificed  after  once  firing,  the  value 
of  which  is  a  small  matter  as  compared  with  a  single  human  life.] 

Mr.  Hunt  pointed  out  where  van  us  shots  had  fallen  that  had  at- 
tained greater  ranges  than  any  procured  during  this  trial. 

The  largest  line  used  by  Mr.  Hunt  upon  this  occasion  had  a  breaking 
weight  of  88.5  pounds,  and  a  stretch  of  3  inches  in  a  length  of  0  feet. 

SECOND  TRIAL. 

The  second  trial  took  place  at  Wejnnouth,  Mass.,  May  7-8,  1878.  At 
this  trial  Mr.  Hunt  had  a  new  gun,  caliber  3J  inches.  He  stated  that 
he  had  not  weighed  it,  but  gave  its  weight  as  ''about  70  pounds"  and 
the  weight  of  the  carriage  as  "  about  80  pounds.''  The  plan  of  the  con- 
struction of  the  gun  was  similar  to  the  3-inch  gun  before  described,  but 
it  was  a  much  better  gun.  The  reinforce  band  was  of  bronze.  The  car- 
riage was  made  in  two  parts ;  the  upper  part  of  iron,  in  form,  resembling 
a  mortar  bed  as  usually  constructed ;  the  lower  part  was  a  piece  of  heavy 
plank  about  40  inches  long,  about  12  inches  wide,  and  about  3  or  3^ 
inches  thick.  The  iron  portion  was  boltexl  to  the  wooden  part.  Rope 
loops  fore  and  aft  servetl  as  handles  for  transportation.  Tlie  whole 
weight  the  inventor  estimated  at  150  poimds. 

1.  ProjecfUes. 

Outeide  length 21.5  iiiohea. 

Inside  of  shell — ^Icuffth 19.  inches. 

Diameter,  exterior,  little  lean  than 3.5  inches. 

Coil  of  line  for  shot,  No.  4^ — length 17.6  inclies. 

diameter 3.  inches. 

Weight  of  shot  empty 9.12-|-i»ound8. 

Weight  of  shot  with  line  inside,  abont 15.  pounds. 

The  above  dimensions  and  size  of  coil  (for  inside  of  shot)  are  those  of 
the  projectiles  and  coils  used  in  the  third  series  of  trials  at  a  later  date. 
At  the  second  trial  at  We^Tuouth  some  of  the  shells  had  more  than  one 
coil  inside,  probably  three.  For  his  later  experiment*  with  larger  lines 
(Nos.  4 J  and  7)  Mr.  Hunt  used  but  one  coil  in  the  shot.  After  placing 
the  line  in  the  shot,  a  wooden  plug  with  a  hole  in  the  center  for  the  line 
to  pass  through  was  put  in  the  shell  over  the  cord  and  held  in  position 
either  by  indenting  the  tin  case  around  it  or  by  folding  down  the  rim  by 
a  slight  blow  to  prevent  the  plug  irom  coining  out  when  the  shot  was 
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reversed.  These  projectiles  had  a  reinforce  of  galvanized  sheet-iron 
around  the  lower  end  of  the  tin  shell  to  strengthen  it  sufficiently  to  stand 
the  shock  of  discharge  without  upsetting.  There  is  about  one  inch  of 
lead  cast  upon  the  head  Qjpint)  of  the  projectile,  and  then  6  inches  in 
length  of  the  sheet-iron.  The  head  is  flat,  the  plane  of  its  face  being  per- 
pendicular to  the  axis  of  the  projectile.  Even  this  sheet-iron  envelope 
does  not  prevent  a  certain  degree  of  upsetting  when  large  charges  of 
powder  are  used. 

f^nng  record  at  Jreymouthj  Mass. 
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Remarks. 


About  400 

450 

400,440 

Over    400 

450 


380 


(  Shot  rotated  two  or  three  times  about 
(     shorter  axis. 

Shot  rotated  two  or  three  times. 
Shot  rotated  three  or  four  times. 

C  Wind  on  May  7  very  light  and  variable; 

<  wind  blowing  almost  directly  from  the 
(     rear. 

(  Velocity^  of  wind  «•  0.86  feet  per  second  s 

<  4.49  miles  per  hour :  flight  of  shot  good } 
(     wind  in  rear ;  no  sustaining-rod  used. 

I  Shot  rotated  three  or  four  times ;  very 
little  drift  of  line :  wind  light,  and  varia- 
ble in  direction ;  shot  fell  on  soft  ground ; 
was  picked  up  in  good  oouditiou ;  veloc- 
ity or  wind  aft«r  last  shot  =  9*.  1  per  sec- 
ond =  6.14  miles  per  hour. 


.THIRD  TRIAL. 

Firing  record  at  Marhlehcad,  Mass, 
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'Boats  anchored   300  yards 

trmn  shore. 
Shot  rotated  two  or  three 

times. 
Parted  line  at  a  splice  in 

hand-coil. 
Line  parted  77  yards  from 

shot;  probably  cnt  off  by 
]     sharp  e<lge  of  hole  in  plug 

at  end  of  shot. 

• 

2 

3 

Good 

Over    300 

•  These  ranges  are  all  estimated,  but  as  they  went  beyond  the  line  of  boats,  which  were  3U0  yaitls  out, 
no  attempt  was  made  to  secure  any  great«r  accuracy. 

Firti  Mot— Line  drifte<l  to  left  about  20  yards  at  200-yard  range. 
Second  $hot — Line  driit«d  to  left  but  fell  over  boats. 
Third  $hoL—^ix  hundred  feet  of  line  said  to  be  in  coil  in  shot. 
Fovaiih  MoC— Three  hundred  feet  of  line  said  to  be  in  coil  in  shot. 
lyth  «Aot.— Only  about  20  feet  of  drift  in  line. 

The  trial  at  Marblehead,  Mass.,  July  2, 1878,  took  place  over  water. 
Four  boflts  were  anchored  end  to  end,  300  yards  from  the  beach.  The 
boats  were  each  13  feet  long,  and  were  23  feet  apart,  making  a  line  of 
121  feet  long  parallel  to  the  beach,  over  which  to  throw  the  shot-line. 
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The  wind  though  very  light,  was  from  the  right  and  rear.    The  gun  was 
pointed  over  the  boat  on  the  extreme  right  of  the  line. 

2.  Bemarks. 

The  shock  of  discharge  is  often  sufficient  to  drive  the  wooden  plug  in 
the  outer  end  of  the  shell  down  several  inches ;  in  one  case,  when  meas- 
ured, it  was  found  to  be  six  inches  from  the  mouth  of  the  shell. 

Mr.  Hunt  uses  lines  which  are  termed  "soft  laid"  from  the  manner 
in  which  they  are  put  together  without  much  tension  ui)on  the  strands. 
These  lines  have  no  "finish"  upon  them  when  received  from  the  maker, 
but  are  passed  tlirough  melted  paraffine  as  they  ai'e  coiled  upon  the 
spindle.  Opinions  differ  in  regard  to  the  manner  of  laying  up  cords 
for  shot-lines ;  some  claiming  that  the  lines  should  be  "  soft  laid,"  others 
that  thev  should  be  "  hard  laid." 

A  "  soft-laid"  line  is  probably  not  so  apt  to  be  cut  in  hauling  it  across 
the  side  of  a  ship  as  the  solid-braided  line.  It  is  however  easily  com- 
pressed, which  for  a  small  line  makes  it  a  little  more  difficult  to  grasp. 

A  "  soft-laid "  line  has  also,  necessarily,  a  greater  diameter  than  a 
"hard-laid"  one  of  the  same  strength,  and  encounters  greater  resistance 
in  its  flight  through  the  air,  whereby  the  range  is  considerably  affected. 

It  is  but  just  to  Mr.  Hunt  to  say  that  he  has  not  yet  perfected  all  the 
details  of  his  projectile.  At  the  writer's  suggestion,  the  inventor  laid 
aside  the  "  supporting  rod"  attached  to  the  upper  side  of  the  gun,  and 
discarded  the  intermediate  piece  of  large  line  which  connected  the  coil 
in  the  shot  with  the  hand-coil.  These  devices  were  intended  to  keep 
the  line  fi*om  being  burned  off  at  the  instant  of  firing.  No  difficulty  was 
experienced  from  their  omission,  as  the  shell  projects  about  six  inches 
beyond  the  muzzle  of  the  piece ;  a  sufficient  distance  to  prevent  the  escap- 
ing gas  jfrom  burning  off  the  line.  This  projectile  has  aflat  surface  at 
the  front  end  to  oppose  the  wind  in  its  flight.  This  form  of  head  is  ob- 
jectionable on  account  of  the  increased  resistance  of  the  air  which  it  de- 
velops. The  form  of  the  point  of  a  shot  has  a  great  influence  upon  the 
intensity  of  the  resistance  which  a  jirojectile  will  experience  in  moving 
through  the  air.  The  following  facts  in  regai'd  to  the  further  efficiency 
of  this  projectile  should  be  made  the  subject  of  a  more  extended  experi- 
mental investigation,  namely : 

1.  The  action  of  the  projectile  in  windy  weather,  with  both  cross  and 
head  winds.  This  is  especially  desu^able  when  it  is  borne  in  mind  that  the 
wind's  force  varies  directly  as  the  square  of  its  velocity.  "Thus,  when 
the  wind's  velocity  is  20  miles  per  hour,  its  force  is  four  times  as  great 
as  that  of  a  wind  blowing  10  miles  per  hour." 

2.  The  maximum  charge  that  may  be  used  without  upsetting  the  pro- 
jectile. 

3.  The  effect  upon  the  strength  of  the  Imes  by  ha\ing  a  knot  tied  at 
the  junction  of  the  coils  in  the  hand  and  shot.  Knot«  are  generally  points 
of  weakness. 

4.  The  effect  of  the  fi*ee  use  of  paraffine  upon  the  ease  of  handling. 

It  is  probable  that  this  projectile,  from  its  lightness  and  comi)actness, 
may  be  best  suited  to  carry  on  board  vessels  for  use  in  cases  of  strand- 
ing. Tlie  wind,  in  such  instances,  is  generally  blowing  on  shore,  and 
the  small  weight  of  the  shot  would  not  be  such  a  serious  disadvantage 
to  it  as  when  firing  against  the  wind.  It  is  a  well-known  fact  that 
the  heavier  the  projectile,  for  the  same  caliber,  the  greater  wiU  be  the 
range,  other  things  being  equal.  The  mass  of  the  Hunt  projectile  is 
rather  small  for  the  area  of  its  cross-section,  and  it  is  constantly'  dimin- 
ishing during  flight.  The  ballistic  capabilities  of  this  i)rojectile  against 
a  strong  wind  can  only  be  demonstrated  by  experiment. 
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CHAPTER  V. 

CHANDLER'S  ANCHORSHOT. 
(Plate  LII.) 

In  the  Army  and  Navy  Journal  of  April  27, 1878,  page  607,  the  writer 
finds  the  following: 

Capt.  Ralph  Chaudler,  U.  8.  N.,  has  inveiite<l  a  shot  which  is  intended  for  the  use 
of  slups  on  shore  (aground),  where  tlie  Hurf  is  too  heavy  for  boats  to  hind  without  the 
assistance  of  a  line.  It  can  also  be  used  at  life-saving  stations  to  throw  lines  over 
beached  vessels  or  vessels  in  distress.  As  an  implement  of  war,  it  will  be  useful  in 
waters  where  torpedoes  are  suiiposed  to  be  located.  A  ship  can  anchor  near  the  sup- 
XH)sed  torpedoes,  throw  the  shot  two  or  three  hundred  yanis  toward  them,  and  haul  it 
home,  breaking  such  wires  as  it  may  encounter.  It  is  very  simple,  and  its  simplicity 
insures  its  successful  working,  and  its  cost  is  very  little  more  than  that  of  an  ordinarr 
shot.  It  is  merely  a  shot  with  hinged  anchor  flukes  projecting  from  its  sides  and  fold- 
ing back  into  slots,  so  as  not  to  intt»rfere  with  the  entrance  of  the  shot  into  the  gun. 
To  the  rear  of  the  shot  a  chain  or  wire-rope  is  attached,  and  carried  to  the  front  of 
the  shot  through  another  slot. 

In  using  it,  the  shot  is  to  be  inserted  into  the  muzzle  of  the  gun  far  enough  to  bring 
the  ends  of  the  aniw  inside  the  muzzle,  the  chain  or  wire  rope  attached  to  the  rear  of 
the  shot  brought  out  thn)ugh  the  slot,  the  strap  taken  ofl*,  and  the  shot  piished  gently 
home.  The  sjirings  under  the  arms,  always  bearing  or  pushing  them  outwards,  will  ex- 
tend the  arms  as  soon  as  the  shot  leaves  the  muzzle  of  the  gun  or  mortar,  and  a  perfect 
anchor  will  be  projected.  If  in  its  flight  the  arms  are  brouglit  in  contact  with  anything, 
thev  will  close  until  the  obstacle  is  passed,  and  where  the  shot  lands,  it«  holding  power 
will  be  ec^ual  to  any  kedge  anchor  of  the  same  weight.  It  appears  to  be  a  most  useful 
invention.  If  the  Huron  could  have  landed  a  shot  of  this  description^  by  it  the  balsa 
could  have  l>een  hauled  ashore  with  a  hawser  or  large  line  attached  to  it.  One  of  these 
shots  made  for  an  eleven-inch  gun  would  have  power  enough  to  carry  a  two-inch  rope 
ashore,  and  after  the  shot  was  once  ashore  and  weU  hooked,  all  the  boats  of  the  ship 
conld  be  hauled  ashore  without  any  other  line. 

The  flukes  of  this  anchor-shot  are  three  in  number,  jilaced  equidistantly 
around  the  circumference  of  the  shot 

The  ^Titer  has  been  informed  that  up  to  the  present  time  (July,  1878) 
this  projectile  has  not  proved  to  be  as  satisfactory  as  was  anticipated. 

KoTE. — The  above  illustrations  of  the  Chandler  anchor-shot  were  taken 
from  Harper's  Weekly  of  June  15, 1878.— D.  A.  L. 

The  following  account  of  exi)eriment8  made  with  Chandler's  anchor- 
shot  has  appeai*ed  in  the  Army  and  Navy  Journal  since  the  above  Wiis 
written: 

Experiments  were  made  with  Chandler's  anchor-shot  off"  Paddock's  Island,  Boston  Har- 
bor, July  20,  1878.  Gun,  3a-ponnder,  of  Xi  cwt. ;  junk  wwl  behind  shot  at  each  ftre ; 
size  of  line,  2f  iuches ;  whale  line.  Elevation  of  gun,  12° ;  wind  across  Uiie  of  fire,  mod- 
erate breeze. 


Fires. 

WeifCht  of 
powder. 

Weight  of 
abot. 

Lenfcth  of  line 
thrown  stznlght. 

Slack 
line. 

Total 
fiftthoms. 

1 

Lb9.0z. 

1 

1    a 

1      6 
1      4 
1      6 
1      8 
1    10 
1    10 
1    14 

Lb9. 

78 
78 
78 
78 
78 
78 
78 
78 
78 

Fathom*. 

94 
112 
Lin«  broke  close 
127 
137 
150 
160 
157 
157 

Fathom*. 
15 
18 

to  shot. 
15 
10 
10 
15 
15 
15 

FathitvM. 
leO 

2 

130 

2 

4 

142 

5 

147 

6 

100 

7 

175 

8 

172 

0 

172 
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Towards  the  end  of  the  experiment  the  line  became  Hoakhijif  w^t,  which  increased  its 
weight  to  that  extent  that  four  ounces  increase  of  charge  in  the  last  fire  did  not  increase 
the  range. 

To  make  these  experiments  perfect,  a  new  and  dry  line  onght  to  be  used  at  each  dis- 
charge. 

It  18  evident  that  with  a  heavy  shot  and  a  large  calibered  gun  there  is  nothing  to  pre- 
vent four  hundred  fathoms  of  line  being  thrown.  In  the  first  seven  tires  a  short  section 
of  wire  rope  was  attached  to  the  shot  and  the  line  spliced  to  that,  but  in  the  last  two 
the  line  was  fa8tene<l  directly  to  the  shot,  and  served  with  rope  yam  well  soaked  in 
wat-er.  The  line  was  not  burnt  in  the  least,  and  a  large  eight-oared  cutter  was  h.auled 
ashore  by  the  line. — (Extract  from  Army  and  Navy  Journal  of  August  10,  1878), 


CHAPTER    VI 

LIFE-SAVING  ROCKETS. 
I.  Life-saving  bocket,  boxer,  12-poitndeu.^ 

(Plate  XLL) 
The  life-saving  rocket. 

Deimet's  "  twiii'^  rockets  were  superseded  by  Boxer's  on  15, 3,  '6o.  This 
consists  of  two  rocket  bodies,  one  being  fixed  in  prolongation  of  the 
other,  to  give  great  length  of  burning  and  flight,  without  any  sudden 
violence,  which  might  break  the  hne  whi(;h  it  carries,*  or  irregularity 
from  uneven  burning. 

Thus  it  will  be  seen  that  "instead  of  making  one  cavity  in  the  rocket, 
two  cavities  (c&)  are  formed,  the  one  behind  the  other,  with  a  portion  of 
solid  composition  (6)  between  them,  so  that  when  the  solid  composition 
{h)  is  biuTit  through,  the  front  cavity  (c)  is  ignited,  thereby  imparting  to 
the  rocket  an  additional  imi}ulse.''  The  stick  {d  d)  is  fixed  at  the  side  of 
the  rocket.  The  line  (e  e)  is  passed  through  a  hollow  at  each  end  of  the 
stick,  as  shoii^ni  in  the  annexed  cut  (Fig.  1,  Plate  LIII),  and  the  end  of  the 
line  is  secured  by  a  common  oa^  erhand  knot ;  two  India-rubber  and  one 
brass  washer  (/)  are  placed  between  the  knot  and  the  stick  to  reduce 
the  effect  of  the  sudden  jerk  which  is  given  to  the  line  when  the  rocket 
is  fired.  The  arrangements  for  the  use  of  this  rocket  are  the  same  as 
those  hitherto  carried  out  Mith  Dennet's  rockets. 

A  second  knot  is  usually  made  in  the  rope  near  the  hinder  end  of  the 
stick,  in  case  the  line  should  be  burnt  through  by  the  flame  issuing  from 
the  rocket. 

N.  B. — All  Boxer  life-saving  rocket  cases  are  protected  from  the  action 
of  the  composition  by  an  internal  coat  of  anti-corrosive  paint,  consisting 

1  Timo  of  burning,  about  4|  seconds. 

>  General  Boxer  writes  in  letter  of  25,  5,  *65,  that  liis  object  is  *'tbe  continuance  of 
the  propulsion  through  a  much  longer  period,  without  any  excessive  strain  ui)on  the 
line." 


Earle  reports  on  a  trial  between  Boxer's  and  Dennet's  rockets :  "  Of  tlie  three  double 
Dennet's  rocket*  only  one  was  any  use ;  two  broke  their  line«  and  struck  the  ground. 
The  mean  of  the  live  shots  with  tlie  Boxer  rocket  gave  a  range  of  370  yards  very  true, 
and  with  much  less  strain  on  the  line,  as  it  never  broke  with  Boxer's  rot'ket."  Reports 
from  Inspecting  Commanders  Charleii  and  James,  from  Yarmouth  and  Lydd,  are  con- 
firmatory of  this  statement,  19,  10,  '65.  At  Whitby,  on  27,  3,  '66,  one  of  the  Dennet's 
rockets,  igniting  before  it«  twin  rocket,  came  back  and  struck  the  inspecting  commander. 
Captain  Robertson,  in  letter  9,  2,  '65,  reports  that  Dennet's  rocket  attained  a  greater 
range  than  Boxer's. 
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of  copal  varnish,  J  pint ;  gold  size,  1  pint ;  turpentine,  1 J  pints ;  white 
lead  (dry),  7  pounds,  being  the  same  as  is  now  applied  to  the  interior  of 
Hale's  rockets.  All  rockets  manufactured  since  22, 9,  '60,  have  their  cases 
further  protected  by  blackening  by  burnt  oil. 

boxer's  life-saving  rockets. 

1.  Detmls  of  patterns. 

The  pattern  in  the  wood-cut  known  as  Mark  I  was  approved  15, 3,  '65. 
Mark  II,  approved  9,  '66,  differs  from  mark  I  in  having  no  hole  to  take 
the  keep-pin  through  the  "  clip,"  the  pin  being  passed  tlirough  the  stick 
in  front  of  the  "clip,"  because  it  wa«  sometimes  found  troublesome  to 
bring  the  hole  in  the  stick  and  "  clip "  exactly  to  cover  one  another. 
The  sealed  jiatteni  is  nearly  .5  inch  shorter  than  Mark  I,  so  as  to  enable 
the  rockets  manufactured  to  conform  with  it,  it  having  been  found  that 
the  act  of  pressing  the  composition  slightly  shortens  the  whole  case : 
hence  that  of  the  dummy  pattern  was  longer  than  the  same  case  would 
be  after  pressing.^  Mark  III,*  approved  1, 9,  ^i^Sj  differs  from  Mark  II 
in  having  the  case  made  of  Atlas  (i.  e.,  Bessemer)  metal.  All  manu- 
factured since  October,  1870,  have  the  vent  covered  with  paper  (instead 
of  the  serge  plug).  The  paper  is  to  be  broken  before  firing.  It  is  im- 
portant to  distinguish  Pattern  III  clearly  from  I  and  II ;  the  cases  of 
rockets  of  the  latter  pattern  having  been  found  liable  to  deteriorate,  and 
even  to  split,  from  their  being  taxed  beyond  theii;  strength  by  the  i)res- 
8ure  of  the  comi)osition,  are  ordered  to  be  very  carefully  examined  from 
time  to  time  for  nist  spots  and  indications  of  cracks,' 

Paint:  formerly  two  coats  of  black  varnish;  since  5, 11,  '70,  two  coats 
of  red  paint,  for  better  protection. 

The  12-pounder  life-saving  rocket  stick®  is  deal,  9'  6"  long,  square, 
with  comers  shaved  off;  it  is  the  same  size  from  end  to  end.  It  is  bound 
at  the  l>ottom  end  with  an  iron  ring,  and  is  plated  at  the  head  or  front 
end  with  plates,  which^  as  well  as  the  stick  at  the  fi'ont  part,  are  hol- 
lowed to  fit  close  to  the  rocket.  The  second  or  hinder  plate  is  3  inches 
long ;  it  has  a  flange  to  rest  against  the  base  clip  of  the  rocket.  Over 
the  half  of  the  stick  next  the  rocket  is  tacked  a  sheet  of  tinned  iron  for 
a  length  of  fourteen  inches,  to  protect  the  stick  from  the  flame  escaping 
from  the  rocket. 

2.  Iron  pin  for  life-saving  rocket  Mark  I. 

This  is  an  iron  pin  1.2"  long,  Ko.  8  Birmingham  wire  gauge ;  the  end 
is  bent  over  at  a  right  angle,  thus  bringing  the  length  down  to  .85" 

3.  Brass  icasher. 

The  brass  washer  shown  in  the  wood-cut  of  the  rocket  •  *  ♦  is 
V  in  diameter,  with  a  hole  in  the  center  .5"  diameter ;  they  are  about 
.15"  thick. 

3  To  prevent  niistakeH  arising  from  comparing  an  empty  patt-em  with  a  tiUed  rocket 

^  The  numeral  marked  on  the  pattern  sealed  a«  II  was  altered  in  place  of  scaling  a 
now  pattern. 

*  The  crack  in  frenerally  developed  in  a  longitudinal  line  running  parallel  to  and 
within  one  or  two  inches  of  the  scam  or  joint  of  the  rocket. 

^Mark  III  stick  is  strengthened  by  having  the  part  next  the  base  of  the  rocket  more 
covered  by  the  tin  sheet,  which  is  also  passed  under  and  clamped  by  the  iron  socket. 
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4.  India-mbber  washer. 

The  vulcanized  India-rubber  washers  referred  to  in  the  description  of 
the  rocket  are  both  alike,  each  being  V  in  diameter,  with  a  hole  in  the 
center  .5^'  in  diameter ;  they  are  about  .7"  thick. 

II.  Machine  for  firing  life-saving  rocket. 

(Plate  XL,  Figs.  3,  4.) 

The  mjichine  for  firing  the  life-saving  rocket  consists  of  a  bed  to  hold 
the  rocket,  in  prolongation  of  which  is  fixed  a  pry-pole,  and  from  the 
rear  end  of  wliich  spring  two  legs,  one  opening  to  the  right  and  one  to 
the  left.  Both  bed  and  pry-pole  are  made  of  sheet-iron^  the-  former 
being  an  open  rectangular  trough  3.2  inches  broad"'  and  4  inches  deep ; 
the  latter  one,  of  more  rounded  form,  being  1.05  inches  broad  at  the  top 
and  1.5  inches  deep. 

The  front  end  of  the  prj^-pole  enters  the  bed  for  a  length  of  7  inches, 
the  upper  edges  of  the  former  stsinding  about  .2  inch  above  those  of  the 
latter,  so  that  the  bottom  of  the  larger  trough  is  2.7  inches  beneath  that 
of  the  smaller,  to  allow  for  the  rocket  resting  in  the  bed  while  the  stick 
lies  in  the  hollow  of  the  pry-pole.  The  two  troughs  are  fixed  together 
by  three  rivets  on  ea^h  side,  the  spaces  between  them  on  each  side,  owing 
to  their  difference  of  width,  being  filled  up  by  a  piece  of  wrought  fron, 
through  which  the  rivets  pass.  The  front  edge  of  the  bed  trough  is  iron- 
strapped,  and  its  remaining  edges  as  well  as  those  of  the  pry-pole  trough 
are  '^  wire-edged."  With  the  exception  of  a  strengthening  bar  running 
from  bed  to  pry-pole,  the  rear  end  of  the  bed  trough  is  left  open  beneath 
the  front  of  the  pry-pole,  so  as  to  allow  of  a  free  passage  to  the  gas 
escaping  from  the  rocket  base.  Two  pieces  of  wrought  iron  7  inches 
long  are  riveted  along  the  after  part  of  the  sides  of  the  bed,  close  to  the 
angles  formed  with  the  bottom,  their  rear  ends  projecting  sufficiently  to 
allow  of  a  bolt  secured  with  a  screw  waslier  to  pass  through  them,  on 
which  hinges  a  small  flat  piece  of  iron,  taking  two  other  bolts  screwed 
and  nuttedj  and  each  long  enough  to  allow  of  a  socket  (ending  in  flanges) 
which  admit  the  flat  iron  l)etween  them  to  be  hinged  on  it. '  Thus  the 
flat  iron  hinges  longitudinally  on  a  bolt  transverse  to  the  direction  of 
the  troughs ;  whilst  the  leg  sockets  move  transversely  on  hinges  longi- 
tudinally placed. 

In  each  socket  is  fixed  an  ash  leg  with  ferrule,  having  a  foot  projection 
and  spike ;  while  beneath  the  prj -pole  runs  a  strengthening  bar  from 
end  to  end,  which  is  at  the  hinder  extremity  bent  down  to  fonn  a  ground- 
spike.  In  the  right  side  of  the  bed  is  cut  an  opening  to  atbnit  of  the 
entrance  of  a  portfire  to  fire  the  rocket,  and  behind  this  is  fixed  a  brass 
quadrant  plate,  on  which  is  hung  a  plummet  and  line  to  give  elevation 

On  the  left  side  of  the  bed,  protected  by  a  copper  cover,  is  a  strong 
lock  of  simple  construction,  \\ith  a  lever  trigger,  to  which  is  attached  a 
line,  led  through  one  sheave  on  the  left-leg  socket,  and  another  near  the 
left  foot.  Near  the  right  foot  is  fixed  by  two  screws  a  strong  strap  and 
buckle  to  enable  the  two  legs  and  pry-i)oie  to  be  strapped  together,  for 
more  convenient  stowage  when  not  in  use. 

Mark  I  trough  or  machine  has  long  existed ;  it  was  sealed  in  Xovein- 
ber,  1865.  This  patteni  has  a  veiy  small  block  fixed  to  a  rin^  near  its 
left  foot.  It  is  difficult  to  pull  the  trigger-line  from  the  right  side, 
owing  to  the  stiff  movement  of  the  little  block. 

^Interior  meuaureiuent. 
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Mark  II  was  approved  21, 10,  '70 ;  it  differs  from  Mark  I  as  follows : 

Ist.  The  trigger-level  is  prolonged  to  a  length  of  about  4  inches,  so 
as  to  allow  of  the  lock  being  worked  with  a  lighter  pull. 

2d.  The  puUey-block  on  the  left  foot  is  replaced  by  a  sheave  of  much 
larger  size  fixed  through  the  middle  of  the  wood  (which  is  supported  by 
a  band):  this  pulley  enables  the  ma<5hine  to  be  fired  from  the  right  side. 

3d.  Tne  ox)ening  in  the  right  side  of  the  trough  is  furnished  with  a 
sliding  cover. 

Mark  III  machine  differs  from  the  previous  pattern  only  in  having  an 
arrangement  for  causing  the  flash  from  the  detonating  tube  to  strike 
direct  up  the  axis  of  the  rocket.  This  is  effectetl  by  making  the  vent  or 
channel  for  the  tube  in  a  circular  form  instead  of  straight  across  the 
machine. 

N.  B. — A  spare  spring  is  ordered  to  be  supplied.  A  priming  wire  for 
life-saving  rocket  machine  was  approved  on  20,  6,  '70,  and  a  pattern, 
Mark  I^  sealed.  It  is  formed  from  iron  wire  No.  5,  Birmingham  gauge. 
It  is  about  4  inches  long,  being  formed  into  a  loop  at  one  end.  On  21, 
10,  TO,  a  pattern,  Mark  II,  wa«  approved,  differing  from  Mark  I  in  being 
twisted  to  form  a  screw  at  the  part  near  the  jwint.  On  4,  9,  '72,  Mark 
III  was  approved ;  it  is  curved  to  fit  the  vent  in  Mark  III  machine.  It 
is  used  to  clear  the  vent  of  the  life-saving  machine  of  any  i)ortions  of  the 
quill  tube  that  may  remain  in  it  after  firing. 

ni.  Stores,  etc. 

1.  Life  saving  roclcet-tube. 

The  life-saving  rocket-tube  consists  of  a  goose-quill  body  about  IJ'' 
in  length,  driven  and  pierced  in  the  usual  way.  The  large  end  of  the 
quiU  is  closed  by  a  disk  of  tissue  paper  being  varnished  over  it.  Into 
the  smaller  end  of  the  quill  is  secured  with  diamond  cement  a  pigeon- 
quill  about  an  inch  long,  which  enters  the  large  tube  to  a  depth  of  about 
.1  inch.  This  tube  is  filled  with  detonating  composition.s  Bound  the 
extreme  small  end  runs  a  small  band  of  kamptulicon.  These  tubes  are 
used  for  firing  life-8a\ing  rockets.  The  body  of  the  tube  is  inserted  into 
the  vent  of  the  lock  at  the  side  of  the  machine,  being  held  in  its  place 
by  a  small  piece  of  brass  which  shuts  on  it«  neck  just  below  the  kamp- 
tulicon band.  The  descent  of  a  spring-hammer  edge  crushes  the  detonat- 
ing end  of  the  tube  and  fires  the  same.  They  are  packed,  by  the  special 
request  of  the  board  of  trade,  in  larger  quantities  than  other  tubes,  A-iz, 
150  in  a  (No.  27)  tin  cylinder,  which  is  closed  by  a  calico  band  att^K'hed 
by  shellac  over  the  junction  of  lid  and  body. 

2.  Fuse  for  life-saving  rocket ^  Marie  J. 

This  is  1".5  long ;  it  is  made  of  paper ;  it  contains  an  inch  of  ordi- 
nary fiise  composition ;  it  is  conical  in  shape,  and  its  sides  are  covered 
with  kamptulicon,  being  brought  up  to  fit  the  vent  in  the  base  of  the 
life-saving  rocket ;  it  has  a  paper  cap  tied  on  with  twine,  which  need  not 
be  removed  before  firing ;  it  burns  for  about  five  seconds,  and  is  required 
for  use  with  the  portfire. 

■Detonating  composition  for  quiU  friction  tnbes:  Potash,  chlorate  of,  6  ouucea; 
antimony,  sulphide  of,  6  omices ;  ground  glass,  1  onnce,  10  drams.  Damped  with  var- 
nish, of  spirits,  methylated,  1  quart;  shellac,  357  grains,  in  the  pro^iortion  of  75  mininit 
to  1,000  grains  of  comiiosition. 
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STORES  CONNECTED  WITH  THE  LIFE-SAVING  ROCKET. 

3.  Light  for  illuminating  wrecks  {Mark  JT),  March,  1874. 

Tlielip:lit  (Fig.  2,  plate  LIII)  is  about  28J  inches  in  length  and  2.65  inches 
in  diameter.  It  consists  of  a  cylindrical  case  of  1  X  tin  sheet  in  6 
lengths  of  4^  inches  each,  fitted  together  and  connected  by  small  bandt; 
of  tin  sheet,  half  an  inch  in  width,  soldered  over  each  joint.  The  case 
is  filled  with  the  following  composition,  viz :  saltpeter,  ground^  7  pounds; 
sulphur,  sublimed,  1|  pounds ;  oqnment,  red,  i  pound.  One  end  is 
fitted  with  a  piece  of  wood,  with  a  loop  of  iron  wire  attached  to  it  for 
suspending  the  light ;  the  other  end  is  primed  with  mealed  powder,  and 
covered  with  a  kit  plaster.  • 

The  stand  is  a  simple  tripod,  consisting  of  three  wooden  legs  about  6 
feet  in  length,  connecjted  at  the  top  by  a  piece  of  iron  wire  ha^dng  a 
small  hook  attached  to  it,  on  which  the  light  is  suspended ;  there  are 
three  iron  rods  which  are  hooked  to  and  connect  two  of  the  legs,  forming 
an  incline  for  the  light  to  rest  on,  so  as  to  hang  in  a  sloping  direction— 
not  vertically  downwanl. 

The  light,  if  hung  as  described,  clears  itself  of  dross  when  burning, 
and  is  kept  further  clear  by  the  case  separating  at  each  joint,  as  the 
heat  of  the  burning  composition  successively  melts  the  soldering  of  the 
bands.  The  time  of  burning  is  about  30  minutes.  This  light  must  not 
be  roughly  hiindled  or  thrown  about,  as  it  is  liable  to  be  broken  across 
at  the  junction  of  the  segments.  Care  must  be  taken  in  removing  the 
cap  before  lighting. 

The  case  must  be  grasped  firmly  at  the  capped  end  whilst  the  cap  is 
torn  off  by  means  of  the  string  loop ;  if  thei*e  is  any  difficulty  in  remov- 
ing the  cap  it  must  be  eased  oft'  round  the  edge  by  inserting  the  blade 
of  a  knife. 

4.  PorffirCy  Boxer^s^for  life-saving  apparatus. 

Differs  from  a  common  portfire  in  being  8  inches  long  and  in  beiii^ 
intended  to  ignite  by  means  of  a  detonating  primer,  in  the  same  way  as 
the  long  general  service  light,  the  end  being  closed  by  a  tin  cap  and  a 
piece  of  kamptulicon,  and  sti'engthened  by  a  tin  band  perforated  to  take 
the  detonating  primer,  which  enters  into  a  small  space  beneath  the  kamp- 
tulicon. The  composition  is  primed  in  the  usual  method  with  mealed 
powder,  perforated  in  the  center. 

5.  Metal  handle  for  long  li^fhtj  general  service  (Mark  I)j  used  icith  life- 
saving  apparatus,  Mark  L 

Consists  of  a  hollow  cylinder  of  tinned  iron,  fitting  on  to  a  wooden 
end ;  it  is  closed  at  the  opix>site  end  by  a  metal  screw-cap,  to  which  is 
hinged  on,  by  means  of  a  brass  pin  passing  through  two  brass  flanges 
so  as  to  form  a  hinge^  a  copper-covered  piece  of  wood,  with  six  trans- 
verae  cells,  each  to  hold  one  primer. 

6.  Handle  for  portfire  used  with  life-saving  apparatus,  Mark  L 

Consists  of  a  tinned  iron  cylinder  closed  across  with  tin  and  red  lac- 
quer, so  as  to  form  a  socket  to  take  the  portfire  end  at  one  extremity 
held  by  a  tightening  screw.  The  body  is  hollow,  closed  with  screw  caj) 
and  piece  of  wood  copper-covei'ed  and  recessed  with  seven  cells  to  take 
one  detonating  primer  each. 
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7.  Tin  box  for  life-saving  rocket  stares  j  MarJc  II. 

This  is  simply  a  tin  box  with  a  hinged  lid.  Length,  6".l ;  breadth, 
3''.6 ;  depth,  3".0.  On  the  lid  is  a  label  giving  the  contents,  viz :  9  fuses, 
9  detonating  tubes,  9  iron  i)ins,  12  India-rubber  washers,  6  brass 
washers. 

8.  Wood  boxes  for  lights^  &c.jfor  life-saving  apparatm^  Marie  I, 

These  are  two  yellow  deal  boxes  closed  with  hinged  lids  secured  with 
hasps  and  staples ;  they  have  internal  fittings  to  suit  the  stores.  The 
larger  one  is  13".3  x  8".  x  11''.5,  exterior  dimensions.  The  smaller  one 
is  12".2  X  6".2  X  11".5,  exterior  dimensions  (the  depth  of  both  being 
the  same).    Their  contents  are  as  follows : 

*  Large  box.    Small  box. 

Lights,  long 10  6 

Portfires 12  6 

Handles,  liKlit 2  1 

Handles,  portfire 2  1 

Detonating  primera  for  lights 12  7 

Detonating  ]»rinier8  for  portfires 14  7 

IV.  Use  of  life-saving  rocket. 

Instructions  as  to  the  use  of  the  rocket,  together  with  dii-ections  as  to 
the  formation  of  volunteer  life  brigades,  the  pix)vision  of  requisite  stores, 
&c.,  are  issued  by  the  board  of  trade  in  the  form  of  a  pamphlet,  entitled 
*^  Instructions  in  respect  of  the  Rocket  and  Mortar  Apparatus  for  saving 
Life  from  Shipwreck.''  A  short  description  of  the  method  of  using  (Plate 
LIV)  the  life-saving  apparatus  generally  adopted  is  here  given,  taken 
partly  from  this  i)amphlet  and  partly  from  information  supplied  by  Cap- 
tain Eobertson,  R.  N.,  also  Mr.  John  Foster  Spence,  Mr.  Gilbert,  and 
members  of  the  Tynemouth  Volunteer  Life  Brigade. 

A  suitable  cart  containing  the  necessary-  stores®  is  run  down  to  the 
best  i)osition  for  action.^"  The  machine  is  placed  to  stand  as  firmly  as 
circumstances  will  permit ;  for  a  maximum  range  the  trough  should  be 
laid  from  35°  to  38^,  the  box  in  which  the  line  is  faked  being  placed 
from  about  6  to  9  feet  to  the  rear,  and  6  to  9  feet  to  leeward,*^  the  top 
with  the  pins  being  taken  out  and  the  box  slightly  tilted  with  its  mouth 
towards  the  front  with  the  line  lying  in  it,  the  end  being  threaded  tlirough 
the  rocket-stick  and  knotted  over  the  washers  and  also  some  way  along 
the  stick ;  ^*  the  lanyai'd  by  which  the  rocket  is  fired  should  be  pulled  by 
a  man  standing  on  the  windward  side,"  the  rocket  being  fired,  if  possi- 
ble, by  the  tube  without  the  fuse  "  in  order  that  it  may  be  discharged 
the  instant  a  favorable  oppoitunity  is  pi'esented,  which  opportujiity 
might  pass  while  the  fuse  is  burning. 

It  is  very  important,  for  more  than  one  reason,  to  effect  a  communica- 
tion with  as  few  unsuccessful  attempts  as  possible ;  not  only  is  precious 

^  See  liHt  of  Htoree  on  a  subsequent  page. 

*°A8  the  rocket  cannot  under  any  circumstances  be  expected  to  carry  much  over  380 
yards  (  *     *     *),  the  choice  of  position  must  generally  be  very  limited. 

"  The  rocket  stand  may  be  capsized  by  the  line  running  out  if  the  line  be  laid  to 
windward  ;  the  coil  should  be  as  little  out  of  the  line  of  flight  as  may  be,  for  it  is  ob- 
vious that  the  pulling  of  the  line  tends  to  draw  the  axis  of  the  rocket  in  the  direction 
of  a  line  passing  ftom  the  center  of  gravity  of  the  rocket  to  the  spot  where  the  rope  is 
coiled.  That  the  position  of  the  coil  of  rope  affected  the  flight  of  the  rocket  consider- 
ably was  pointed  out  by  Captain  Anderson  in  a  proof  report  on  rockets  fired  at  Shoo- 
buryness. 

»«  Vide  (omitted). 

>*To  be  clear  of  the  line  as  it  runs  out. 

'^  The  slide  hd  in  Mark  II  machine  over  the  opening  on  the  right  side  used  for  the 
admission  of  a  portfi^re  is  to  be  kept  closed.  Should  the  tube  be  found  weak  a  few 
strands  of  quick-match  may  be  doubled  and  inserted  so  as  to  project  £rom  the  vent  of 
the  rocket. 
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time  wasted,  but,  after  the  line  becomes  dirty  and  wet,  the  chances  of 
snccess  are  decreased.  At  short  ranges  it  may  be  desirable  to  fire  the 
rocket  at  a  lower  elevation  than  35^,  for  it  is  easier  to  project  the  rocket 
between  the  masts,  when  the  line  must,  of  course,  follow  it,  than  to  fire 
it  high  in  the  air  with  the  allowance  necessary  to  cause  the  line  to  fall 
between  the  masts."  When  the  crew  of  the  wreck  signal  that  they 
have  the  line,'®  the  rocket-brigade  make  fast  their  "whip"  by  bending 
the  rocket-line  round  both  returns  at  about  12  feet  ft'om  the  tailed-block 
and  signal."  The  wreck's  crew  then  haul  in  and  make  fast  the  tail  of 
the  block  abinit  18  inches  helmc  the  higliest  secure  part  of  the.ship^^  (some 
distance  up  the  mast,  if  possible),'^  unbend  the  rocket-line  and  signal. 
While  the  crew  are  drawing  this  "whip"  in,  it  is  especially  necessary 
that  the  brigade  on  shore  should  see  that  the  lin^s  are  carefully  paid  out 
to  them,  keeping  the  two  parts  steadily  in  hand  at  the  same  time,  not 
letting  them  out  faster  than  the  crew  on  board  the  wreck  can  haul  in ;  the 
men  who  have  charge  of  the  two  coils  of  the  whip  being  specially  careful 
that  the  lines  run  out  all  clear  ft'om  the  coils.  On  seeing  the  ship's 
signal  the  brigade  attach  the  hawser  6  or  9  feet  from  its  end  to  one 
return  of  the  whip  and  haul  on  the  other  return,  so  as  to  carry  the  haw- 
ser to  the  ship;  which  the  crew  make  fast  18  inches  above  the  whip  (♦.  e. 
to  the  highest  safe  point),  and  then  disconnect  it  from  the  whip  and  "sig- 
nal." "WTiile  those  on  shore  are  hauling  the  hawser  on  board  the  ship,  it 
is  especially  necessary  that  the  men  in  charge  of  the  whip  should  keep 
the  returns  of  the  opi)osite  end^  if  possible,  30  yards  or  more  apart,  and 
the  hawser  nearest  to  the  hauling  part,  to  prevent  the  hawser  taking 
turns  round  the  whip,  which  is  very  liable  to  occur  even  when  these 
precautons  are  observed,  and  the  wi^ecked  crew  should,  if  possible,  ascer- 
tain before  making  the  hawser  fast  that  it  is  all  clear.  On  this,  the 
brigade  haAing  adjusted  the  block  of  the  breeches  buoy  to  iim  on  the 
hawser,  attach  one  return  of  the  whip  line  to  it  by  a  clove  hitch,  and  if 
the  motion  of  the  wreck  is  slight,  lead  the  hawser  through  the  snatch- 
block  of  the  triangle,  and  set  it  up  U.  e,  haul  it  taut),  by  means  of  their 
"double  block  tackle  purchase."  This,  however,  can  be  paid  out  or 
hauled  in  but  slowly,  if  required  to  follow  the  motion  of  the  vessel.  K, 
therefore,  the  sea  beats  the  wreck  about  violently  it  will  be  better  not 
to  use  the  double  block-tackle,  but  to  keep  the  hawser  taut  by  manning 
it  with  as  many  hands  as  can  oe  spared,  so  as  to  follow  the  oscillating 
motion  of  the  wreck  without  risk  of  the  cx)mmunication  being  broken. 

It  will  be  se^n  in  the  wood-cut  that  Avhile  the  whip  return  by  which 
the  buoy  is  hauled  towards  shore  must  be  pulled  fair  along  the  hawsers, 
the  opposite  retiuTi  should  throughout  be  kept  wide  of  it. 

The  crew  may  descend  one,  two,  or  even  three  at  a  time,  in  the  breeches 
buoy,**  In  cases  of  very  \'iolent  \^ind  the  empty  breeches  buoy  has  been 
carried  right  roimd  over  the  top  of  the  hawser,**  fouling  the  whii)  with 
it :  it  is  therefore  well  not  to  let  it  pause  while  on  a  journey,  especially 
when  traveling  empty  back  to  the  wreck. 

**  Even  at  35°  I  believe  the  rocket  generally  passes  between  masts. 

»® Either  by  a  "wave  of  hand  or  flag,  a  light  shown,  or  a  gun  fired. 

"  GenerallV  by  red  flag  by  day,  and  i*ed  light  by  night.     Vmc  board  of  tra<le  directons. 

'* There  are  many  reasons'for  this.  Ist.  The  hawser  will  bend  with  the  weight  of  any 
person  traveling  on  it,  and  perhaps  let  them  into  the  water.  2d.  If  near  the  water 
the  wash  of  the  sea  may  twist  and  foul  the  ropes.  3d.  The  higher  the  starting  pointy 
the  easier  it  is  to  haul  a  weight  to  the  shore. 

191  have  been  infonned  of  an  instance  of  a  whole  crew  being  drowned  by  making 
fast  to  the  knightheads  on  the  deck,  instead  of  some  point  up  the  mast.  I  may  observe 
that  a  brother  of  my  own  in  traveling  experimentally  on  a  low  hawser  descended  into 
the  sea,  but  it  is  hardly  necessary  to  enunciate  that  there  is  a  limit  to  the  distance 
which  a  person  can  bedrawn  through  the  surf  without  drowning. 

''oFor  tSie  quickest  rate,  &c.,  see  subsequent  pages. 

>'  Captain  Kobertson  informs  me  that  this  has  been  reported  as  having  occurred. 
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111  urgent  eases,  such  as  the  threatened  immediate  break  up  of  the 
wreck,  one  or  more  buoys  with  lines  to  them  communicating  with  the 
shore  may  be  passed  to  the  wreck  directly  the  whip  is  made  fast,  or,  again, 
the  "buoy"  may  be  made  fast  to  one  return  of  the  endless  line  while  it 
travels  on  the  other ,2*  at  the  same  time  the  hawser  should  be  set  up  when 
l)racticable.^^ 

V.  Flight  of  life-saving  rocket. 

It  may  be  seen  that  the  construction  of  the  Ufe-sa\'iiig  rocket  is  not  such 
as  will  enable  it  to  carry  truly  when  fired  without  its  rope.  Its  stick  is 
fixed  on  one  side  of  it,  hence  in  flight  the  resultant  of  the  resistance  of 
the  air  on  its  anterior  part,  acting  at  a  point  termed  by  General  Maiev- 
sky  its  "  center  of  resistance,"  will  not  be  opposite  to  its  center  of  gravity, 
and  hence  a  couple  tending  to  deflect  the  rocket  wiU  be  established. 
On  page  ♦  ♦  ♦  the  case  of  a  rotating  elongated  projectile  proceed- 
ing in  a  direction  not  coincident  with  that  of  its  axis  is  discussed.  The 
case  of  the  rocket  somewhat  resembles  it,  the  tendency  of  the  rotation  to 
resist  the  deflecting  couple  being  answered  by  the  mechanical  action  of 
the  stick,  *  ♦  *  the  velocity  of  rotation  and  the  length  of  the  stick 
being  the  relative  "functions"  of  the  steadying  force  in  tiie  two  cases. 

Fow  the  stick  of  the  life-saving  rocket  is  not  only  placed  on  one  side, 
but  is  also  a  little  curtailed  in  its  length ;  it  may  therefore  be  readily 
seen  that  this  rocket  is  constructed  on  the  supposition  of  its  carrying  a 
line,  when  the  pull  of  the  Une  from  the  starting  point  will  aet  to  draw 
the  stick  and  rocket  into  the  production  of  the  line  of  flight  it  has  taken 
up  to  the  moment  considered ;  this  steadying  power  (in  spite  of  the  wind 
carrying  the  middle  of  the  line  in  a  bend  to  one  side)  becomes  very  great 
indeed  after  the  rocket  has  proceeded  any  considerable  distance.  From 
this  may  be  deduced  two  facts,  which  it  may  be  Aitally  important  to 
consider  in  firing  the  rocket : 

1st.  That  the  wind  will  carrj'  the  rocket  and  line  with  it,  because  it 
will  not  have  the  pow'er  to  deflect  its  axis  so  as  to  point  the  rocket  uj) 
the  wind. 

2d.  It  is  very  desirable  to  start  the  rocket  at  a  momentary  luU ;  for  if 
the  first  action  of  the  wind  cames  the  rocket  to  one  side,  it  will  exert  its 
force  afterwanls  in  prolongation  of  this  incorrect  direction. 

K  the  ro<'ket  machine  be  brought  into  action  on  uneven  ground,  caus- 
ing the  foot  on  one  side  to  be  lower  than  that  on  the  other,  or  if  one  foot 
sink  deeper  than  the  other,  as  might  occur  in  yielding  sand,  the  eftect 
will  be  to  cause  the  rocket  to  carry  towards  the  lower  side. 

Issue :  Six  rockets  in  a  packing-case. 

*-Tlie  eudless  line  iniist  be  cut  to  eftect  this;  it  is  best  to  make  fast  the  euds  to  the 
grummets  or  opposite  sides  of  the  life-buoy. 

-'Various  methods  of  escjipe  from  a  wreck  have  been  devised  and  some  carried  out; 
the  crew  are  ji^enerally  in  a  nearly  helpless  condition  with  the  waves  beating  over  them, 
the  most  feasible  expedient  aj^pears  to  me  to  be  that  of  a  kite,  as  there  is  generally  a 
violent  wind  blowing  from  the  wreck  to  the  shore,  and  considering  the  comparative 
sizes  of  the  ship  and  the  land  it  seems  reasonable  (as  proposed  by  Captain  Nares,  R.  X., 
ride  *'8eaman8mp,'M)y  that  oftieer,  p.  220-2*2)  to  call  attention  to  the  possibility  of 
the  crew  making  and  getting  oft*  a  kite  when  the  means  on  land  were  insufficient  to 
establish  a  comnninication.  Once  let  the  kite  fly  over  the  land,  the  sudden  jiaying  out 
of  its  Une  would  cause  it  to  drop  on  the  shore.  Captain  Robertson,  R.  N.,  mfcrms  me 
that  a  man  has  been  known  to  swim  from  a  ship  with  a  line,  assisting  himself  by  a  kite ; 
it  is  here  obvious  that  the  kite  might  have  carried  a  light  line  by  which  might  have 
been  passed  stronger  ones  till  a  hawser  was  at  last  carried  across. 

21  ORD 
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YI.  Experience  as  to  range  and  accuracy.*^ 

In  1868,  52  rockets  fired  in  succession,  in  course  of  proof,  at  35^  ele- 
vation, gave  an  average  range  of  378  yards,  which  may  be  considered 
a  low  one.    It  certainly  includes  one  or  two  exceptionally  short  ranges, 

^*  The  following  are  answers  which  were  kindly  famished  by  Mr.  J.  F.  Spence,  hon- 
orary secretary  to  the  Tynemouth  Life  Biigade,  to  some  of  my  questions.  I  think  most 
readers  would  prefer  having  such  answers  verbatim  to  any  summary,  which  would 
destroy  their  character  and  the  spirit  which  runs  through  them.  It  would  be  diflicult 
to  quote  a  better  authority  than  Mr.  Spence  in  these  matters. 

The  quickest  fnwcessful  performance  of  work  yon  retnemher  f 

"This  was  with  the  seliooner  Light  of  the  Harem,  wrecked  behind  Tynemouth  North 
Pier  on  the  8th  of  February  last  (1870).  The  rocket  was  fired  at  36  minutes  past  4 
p.  m.,  and  the  first  man  was  landed  in  14  minutes;  the  last  man  (there  were  nve  of 
them)  in  24  minutes  from  firing  the  rocket.  That  was  nearly  5  minutes  a  man.  This 
would  hare  been  much  more  quickly  done,  but  the  men  on  board  the  schooner  did  not 
understand  how  to  use  the  apparatus,  and  so  delayed  many  minutes.  You  will  notice 
the  four  last  men  were  landed  in  10  minutes  (the  first  man  occupied  14  minutes) ;  but. 
as  I  said,  this  arose  in  a  measure  fmm  their  iguorance  of  how  to  act." 

1.  A$  to  kinkitig  ofmanila  lines,  cfc. 

'^  The  rocket  lilies  are  now  made  of  hemp  (at  least,  so  we  suppose),  and  are  much  more 
softly  laid  than  they  used  to  be.  The  result  is,  they  rarely  kink.  We  still  have  the 
old  trouble  with  the  lines  fouling  as  they  are  drawn  oS ;  that  is,  when  the  whip  is  on 
Itoard  and  made  fast.  You  then  attach  the  hawser,  leaving  about  two  or  three 
fathoniB  frtpe,  in  order  that  the  wrecked  people  may  more  easily  fix  it  to  the  mast. 
This  free  end  is  very  liable  to  take  turns  round  the  whip  in  hauling  off,  and  the  result 
is  and  often  has  been  that  the  breeches  buoy  cannot  be  hauled  off  to  the  ship.  In  day- 
light, if  this  happens,  any  sailor  sees  it  at  once,  and  can  put  it  right,  but  in  a  dark, 
stormy  night  this  is  much  more  difllcult  to  do,  and  when  they  thiiik  they  are  taking 
the  tiirns  out  they  may  be  making  more.  It  also  necessitates  slacking  oft'  the  hawser, 
BO  that  the  people  on  board  ship  may  loose  it  to  get  the  turns  out." 

2.  The  greatest  range  you  hare  reached. 

'*  I  presume  you  will  mean  when  firing  at  a  ship  in  distress.  On  the  8th  of  February, 
1870,  at  3.30  p.  m.,  a  large  bark  was  stranded  on  the  Spar  Hsfe^^k,  a  spit  of  saiul 
about  half  a  mile  east  of  the  Black  Midden  Rocks,  at  the  mouth  of  the  Tyne ;  she  would 
l)e  about  350  or  360  yards,  at  least  350  yards  by  measurement^  from  the  nearest  point  of 
the  rocks  on  which  we  could  stand  to  use  the  apparatus.  The  first  shot  fell  far  short  of 
her,  we  suppose  because  it  had  not  sufficient  elevation,  and  the  line  was  w^et.  Tlie 
second  rocket  was  laid  with  a  few  dcgi'ees  more  elevation,  with  a  new  rocket  line  quite 
dry  and  fresh,  and  flew  right  between  her  masts.  Tlie  line  is  250  fathoms  in  length.  I 
think  there  might  bo  10  or  12  fathoms  of  the  line  left  in  hand.  The  wind  was  S.  E.  by  S., 
force  10,  blowing  abnost  athwart  the  line.  This  was  a  grand  shot;  I  never  saw  a 
better.    No  one  thought  the  vessel  could  lie  ri'ached." 

3.  Whether  you  generally  lose  one  or  more  rockets  before  you  establish  a  communication  f 
"Tlie  force  of  wind,  and  position  in  which  the  ship  lies  with  respect  to  the  direction 

of  the  wind  and  situation  of  those  on  sliore  who  are  endeavoring  to  establisli  a  com- 
munication, greatly  affects  this  (luestion ;  for  instance,  there  may  be  a  sudden  lull  in 
the  violence  of  the  wind,  and  you  think  to  take  advantage  of  it,  lay  your  rocket  accord- 
ingly, and  fire ;  just  as  you  puU  the  trigger  line,  the  squall  returns  with  renewed  force, 
and  the  consequence  is,  your  rocket  is  carried  far  away  from  the  object  aimed  at.  lu 
most  instances,  however,  we  have  succeedecl  in  throwing  the  line  over  wrecked  ships 
the  first  shot ;  I  think  we  only  missed  once — in  the  ca.se  I  have  detailed  to  you.  Then 
comes  another  difficulty;  take  an  instance.  On  the  8tli  of  Febnian-,  this  year,  at  4 
o'clock  a.  m.,  the  '  Susannah,'  a  schooner,  was  wrecked  on  the  Black  Midden  Rocks, 
wind  S.  E.,  force  10.  It  was  about  500  yards  from  the  station  to  the  point  of  rocks,  the 
nearest  we  could  reach  to  her.  In  22  minutes  we  fired  the  first  rocket,  which  went 
right  over  her,  but  there  was  no  attempt  to  pull  the  line  on  board;  we  went  on  firing 
rockets  till  five  in  all  were  expended.  The  lines  all  fell  over  the  vessel,  but  it  tunie«l 
out  that  the  rigging  was  in  such  a  wretched  state  that  the  men  could  not  disentangle 
one  of  them  from  it  till  the  last  one  was  fired,  which  went  clear.  In  10  minutes  from 
this  time  we  had  the  fii-st  man  ashore,  and  in  12  minutes  more  tlie  other  tliree,  but 
they  were  very  much  exhausted,  as  it  was  nearly  7  o'clock  a.  m.  when  we  got  them. 
For  two  hours  and  a  half  tliey  had  been  exposed  to  the  full  fury  of  the  storm,  every 
wave  rolling  over  them;  one  man  was  lost — washed  overboard  with  one  of  the 
masts." 

4.  Do  you  find  the  system  of  trork  so  far  understood  generally  as  to  enable  the  creic  to 
conform  to  your  operations  f 

*'  In  many  cases  I  say  they  do  not ;  this  is  one  of  the  difficulties  we  have  to  contend 
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the  iBininimn  one  being  286  yards,  the  maximum  450.  The  average 
deviation  from  the  line  on  which  the  rocket  was  laid  was  42  yards. 

In  1870,  131  rockets  ilred  successively  at  proof  gave  an  average 
range  of  373  yards,  the  maximum  range  being  470  and  the  minimum 
330,  the  mean  deviation  being  about  35  yards. 

In  calculating  for  the  effects  in  cases  of  storm,  rather  a  low  range 
must  commonly  be  expected,  the  wind  generally  blowing  more  or  less 
against  the  direction  which  the  rocket  has  to  take. 

with  on  a  dark  night,  and  with  a  Bhip  at  sucli  a  distance  fnun  the  8hox*e  that  we  can- 
not make  the  crew  hear.  I  have  nrged  strongly  on  the  hoard  of  trade  to  have  a  clause 
in  the  new  merchant  shippine:  hill,  making  it  compulHor^'  on  all  owneni  of  seagoing 
vessels  of  all  descriptions  to  nave  their  simple  directions  as  to  know  how  to  use  the 
apparatus  painted  on  a  piece  of  tin,  and  nailed  to  the  mast  or  in  some  conspicuous 
part  of  the  vessel,  so  that  the  sailors  caimot  helii  learning  what  they  have  to  do  when 
wrecked  and  a  rcwket  or  shot  is  fired  over  them.  I  never  knew  a  crew  to  estahlish  com- 
muDication  with  a  kite,  hut  have  heard  of  its  heiug  tried.  I  fear  in  case  of  shipwreck 
it  would  be  ditticult  to  set  a  kite  up." 

The  following  accounts,  taken  from  the  annual  report  of  the  Volunteer  Life  Brigade 
of  the  borough  of  Tynemouth,  will  enable  any  officer  to  realize  the  kind  of  difficulties 
likely  to  occur  in  the  actual  course  of  work : 

"As  was  noticed  in  last  aimual  report,  but  few  southwest  gales  of  any  length  of  con- 
tinuance or  severity  have  occnnvd  since  the  year  1864,  when  the  steamslup  Stanley 
-was  wrecked ;  but,  as  might  l>e  expected  on  the  occiurence  of  severe  gales  from  that 
quarter,  during  the  past  winter,  several  wi-ecks  took  place  at  the  north  side  of  the 
month  of  the  Tyne,  and  it  was  during  one  of  these  gales  that  the  brigade  had  the 
great  satisfaction  and  privilege  of  landing  the  crews  of  two  vessels,  with  the  excep- 
tion of  one  man  who  was  washed  overl>oard  with  one  of  the  masts  which  was  carried 
away  by  the  force  of  the  waves.  In  the  case  of  the  Susannah,  which  was  stranded 
about  four  o'clock  in  the  morning  of  the  8th  February,  1870,  it  seemed  at  times  as 
though  there  was  little  hope  of  saving  the  crew.  She  was  so  much  disabled  in  her 
masts  and  rigging  before  drifting  ashore,  and  had  so  much  wreckage  hanging  about 
her,  that  rocket  after  rocket  was  fired  (five  in  all)  before  any  practical  communication 
could  be  effected  with  the  ship,  and  the  rocket  lines  becoming  so  entangled  in  the  rig- 
ging that  the  men  on  board  could  not  clear  them.  Finally,  however,  after  two  and  a 
half  hours  working  and  waiting,  the  persistent  efforts  of  the  coast  guard  and  the  brig- 
ade were  crowned  with  success.  It  wa«  during  the  continuance  of  this  storm,  about 
3.30  in  the  afternoon  of  the  same  day,  that  the  bark  Helena,  of  Scarborough,  with  a 
crew  of  17  liands  and  the  pilot,  caiue  ashore  in  a  violent  snow-squall,  on  tne  edge  of 
the  Spar  Hawk ;  she  was  at  a  considerable  distance  from  the  nearest.  })oint  where 
tiie  apiiaratns  could  be  set  up,  and  there  seemed  some  doubt  about  reaching  her  with 
a  n»cket.  The  first  shot  fell  far  short,  but  the  second  rocket  went  right  l>etween  her 
mast-s,  and  was  secured  by  one  of  the  men ;  tlie  life-l>oat,  however,  coming  alongside 
soon  after,  the  crew  very  wisely  took  to  her  rather  than  nm  the  risk  of  being  dragged 
through  the  surf  and  over  the  i^ocks  amidst  the  raging  sea,  which  must  of  necessity 
have  been  a  very  hazardous  operation.  Wliilst  this  was  on  the  way,  the  cry  was  raised 
that  another  vessel  was  going  behind  the  North  Pier,  a  most  dangerous  position ; 
tlie  chief  officer  of  the  coast  guard,  Mr.  Quick,  immediately  told  off  some  of  the  vol- 
unteers, with  <nie  or  two  of  the  coast  guard,  to  go  to  her  assistance.  In  a  short  8])acc 
of  time  they  had  the  satisfaction  of  landing  the  whole  of  the  crew,  though  not  a  mo- 
ment too  soon,  as  about  eight  minutes  after  they  were  ashore  the  schooner  was  broken 
up  bv  the  fury  of  the  storm,  not  a  piece  of  her  being  left  on  which  they  could  have 
saved  themst»ives.     She  proved  to  be  the  schooner  Light  of  the  Harem,  ot  Lowestoft. 

In  the  case  of  the  Burton,  of  AVivenhoe,  wrecked  on  the  IDth  of  March,  1865,  a 
rocket  line  was  thniwn  over  her  in  two  minutes  from  the  time  she  touche<l  the  rubble 
of  the  North  Pier,  but  in  seven  minutes  she  went  entirely  to  pieces,  the  poor  fellow 
who  climl»ed  the  rigging  to  lay  hold  of  the  rocket  line  not  having  time  even  to  reai'h  it. 
Only  one  man  was  saved  out  of  the  crew  of  five ;  he  was  ]>icked  up  by  the  lift*-boat. 

Again,  on  the  evening  of  the  11th  October,  lH(i5.  about  7  p.  m.,  the  schooner  King- 
wood,  of  Yarmouth,  with  a  crew  of  five  haiids^  wncn  endeavoring  to  enter  the  harbor, 
in  a  stiff  southeast  gale,  came  ashore  on  the  Black  Middens.  The  rocket  line  was 
speedilv  over  her  and  the  whip  attached  but  was  not  hauled  aboard.  It  was  soon 
found  that  the  meu,  who  were  used  to  the  Yanuouth  beach,  had  left  the  vessel  in  their 
boat,  which  unfortunately  capsized,  and  two  of  them  were  drowned ;  had  they  re- 
mained on  boanl  and  used  the  apparatus,  there  is  little  doubt  they  would  all  have  been 
saved.  On  the  thinl  occasion,  the  29th  December,  18(k>,  three  vessels  came  ashore  under 
the  battery ;  rockets  were  fired  over  two  of  them,  but  the  UH'n  did  not  seem  to  understand 
the  use  of  the  apparatus,  and  instead  of  hauUng  thf  line  abomrdy  fastened  a  warp  to  it,  dnd 
commenced  paifinff  out  toward  the  shore.  In  the  mean  tiiue  the  life-boat  came  alongside 
and  saved  the  whole  of  the  crews." 
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The  following  is  a  return  of  the  number  of  rockets  fired  at  each  drill 
of  the  Borough  of  T>Tiemoutli  Life  Brigade,  from  1st  July,  1806,  together 
with  the  range  in  yards  as  near  as  could  be  ascertained ;  the  deviation 
right  or  left  of  the  rocket  of  the  object  aimed  at :  the  time,  in  minutes 
and  seconds,  between  firing  the  first  rocket  and  landing  the  first  man, 
and  the  number  of  men  present  on  each  occasion  5  compiled  for  the  board 
of  trade  returns  by  John  F.  Spence,  honorary'  secretary.  Previous  to 
1866  no  record  of  these  particulars  was  kept. 


Dat«  of  drill. 


a 


P. 
I 


'A 


July  28,1866     56 
Aug.  25, 1866     47 

Sept  22, 1866 


Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Har. 

Apr. 

Mky 

June 

July 

Aug. 


26. 1866 
29,1866 
22,1866 
19,1867 
16,1867 
13,1867 

12. 1867 
11,1867 
14, 1867 
12,1867 

9,1867 


Sept.  6,1867 

Oct.  4, 1867 
Nov.  2,1867 
Nov.  30, 1867 

Dec.  28,1867 

Jan.  25,1868 


Feb. 

Har. 

Apr. 

aiay 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


22,1868 
21,1868 
18,1868 
15, 1868 
29,1868 
26,1868 
24,1868 
21,1868 
19,1868 
17, 1868 
14, 1868 
12, 1868 


47 

39 
42 
44 

46 
53 
59 
35 
29 
39 
46 
41 

44 

75 
60 
51 

38 

72 

67 
50 
41 
42 
61 
44 
45 
55 
46 
30 
38 
51 


Jan.  9, 1869  49 

Jan.  29, 1860  I  60 

Feb.  10, 1869  i  36 

Feb.  11, 1869  I  36 

Mar.  0, 1801)  <  38 

Mar.  31, 1869     34 


Apr. 

Mky 

June 

Aug. 

Sept. 

Oct. 

Oct 

Nov. 

Deo. 

Jan. 

Mar. 

Apr. 

Apr. 

May 

June 


r>8 
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30. 1869 
28, 1869 
25, 1809  I  37 

6, 1869 

3, 18(K) 

2, 1869 
.10, 1«J9 
27.1869 

23. 1869 
22,1870 

19. 1870 
14, 1870 
23. 1870 
20, 1870 
24, 1870 


40 
50 
34 
48 
42 
37 
43 
66 
48 
79 
45 
35 


M 

I 


1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 


3 

1 

1 

1 

1 

1 

1 

1 
o 

1 
1 
1 
1 


I 


eb: 


ma 


«e 


u 


4 


About  230 
About  290 
CAb't  340 
\  Ab't  290 
About  280 
About  280 
About  285 

About  250 

About  200 


About  210 
About  260 
About  280 
About  270 
About  280 
About  265 
About  280 
About  270 
About  260 
Aliout  320 
About  330 
About  280 
260 


250 


1  •  320 

:::l| 

i  ,  About  330 
1     About  300 


1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 


About  280 
About  320 
About  250 
•About  280 
About  :i40 
About  190 
About  300 
About  340 
About  320 
About  310 
Al)OUt290 
About  300 
About  220 
AlM>ut290 
About  300 


o 

II 

"E  * 

.5— ^ 


5 


7  to  left 

2  to  right ... 
( 1  nowbere  . 

jlhit 

4  to  left 

Hit 

2  to  left 

Itoleft 

Hit 

Hit 

4  to  right 

2  to  right  — 

Hit 

Hit 

Hit 

I  Hit , 

Hit 


«^  a  -; 

«  ®  fi  5 
H 


4  t-o  right 
10  to  left. 


Hit 

530  to  leewanl 
10  to  leeward 
Hit 

5foletT 

Hit 

2  to  right 

Hit 

4  to  left 

Hit 

Hit 

3tol«*ft 

4  to  right 

3  to  right 

10  to  left 

Hit 

4  to  right 


IP 

03  ?  eS  r^ 

14 

8 


15 

7 

8 

20 


00 
30 

40 
45 
00 


15    GO 


11    00 


Hit 

Doubtful 


12  00 

15  30 
12  15 

10  30 
9  40 
7  30 

12  30     I 

14  00    I 

16  00    , 

15  00     I 

11  00     I 

12  00 
10  30     , 

17  00  ; 

19  00 


Hit 
Hit 


17    00 

n 


3  to  left 

Hit 

1  to  l<»ft 

2  to  h'lt 

Hit 

12  to  Irft 

10  to  right 

MiH«,  10  to  left.. 

Hit 

Hit 

Hit 

12  to  bft 

4  to  left 

Stolei't 

Hit 


12  00 
6  00 

20  00 

13  .30 

11  00 

12  00 
19  00 

18  30 
12  00 
17  00 

19  00 
12  30 
12  (M) 

14  00 


Remarks. 


Rocket  ftanie  upset  and  rocket  flew 
otf. 


End  of  official  year. 

First  shot  all  the  line  canied  away 
being  an  old  short  one. 


Lines  fouled   in   rocks,  a  member 
waded  in  to  free  them. 


Rocket  stand  fell  twice  into  the  m-a. 


Trials  of  new  ii-on  triangle  duublc 
and  single  apparatus. 


No  account  kept  as  there  wa.s  jn> 
ox>iH)rtunity  of  doing  no. 

No  time  kept,  as  the  drill  was"*con- 
Ktautly  stopped  to  mnke  explana- 
tions to  the  Auierioan  Anil>.is«4a- 
dor. 


One  fired  to  sea  without  a  line. 


"American  Ambassador  Ho<lgsou's  storm  escape. 
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VII.  The  KEEPING  QUALITIES  OF  ROCKETS. 

The  keeping  qiialities  of  rockets  are  not  satisfactory.    They  should  he 
stored  in  as  dry  a  place  as  possible. 
Mr.  Abel,  chemist,  W.  D.,  gives  his  opinion  as  follows: 

The  corrosiou  of  the  metal  at  the  seam  of  the  case  has  not  heen  set  on  foot  in  the 
first  instance  by  the  borax  employed  in  brazing,  as  no  trace  of  the  existence  of  borax 
can  be  detected  upon  the  metal  at  the  joint.  The  saUne  matter  scraped  from  the 
exterior  of  the  case  contained  carbonate  of  potash.  The  deliquescent  and  alkaline 
nature  of  this  salt  accounts  for  the  collection  of  moisture  on  the  case  and  for  the 
destruction  of  the  paint  coating. 

This  carbonate  oi  potash  is  a  product  of  the  decomposition  of  the  saltpeter  from  the 
rocket  composition,  and  it  is  owing  to  some  impeiiection  in  the  brazing  that  small 
quantities  of  saltpeter  have  been  admitted  in  the  operations  of  pressing  that  a  corro- 
sive action  has  been  established  which  has  been  promoted  by  gradual  access  of  air  and 
moisture  to  those  points,  and  by  the  coexistence  of  brass  and  iron  in  contact  with  the 
composition. 

The  action  of  the  saltpeter  upon  the  metal  appears  to  have  spread  in  the  interior  of 
the  case  roiud  that  part  where  the  brazing  extends  to  a  very  slight  degree,  but  suffi- 
cient to  effect  a  separation  between  the  composition  and  the  case,  which  are  found  to 
be  very  firmly  attached  to  each  other  at  all  other  parts  of  the  case. 

The  slight  s^onptoms  of  corrosion  round  the  rivets  at  the  head  of  the  rocket  are  evi- 
dently due  to  the  penetration  of  minute  quantities  of  saltpeter  (forced  in  by  pressure) 
applied  in  manufacture  to  the  exterior  between  the  rivets  and  the  holes;  the  non-exist- 
ence of  brazing  at  these  points  renders  the  action  very  trifling. 

The  employment  of  brazing  in  the  closing  of  the  rocket  cases  is  evidently  a  cause  of 
deterioration  ;  the  existence  of  minute  imperfections  in  the  joint  made  by  brazing  is 
probably  unavoidable,  and  a^  the  saltx)eter  must  penetrate  on  pressure,  the  establish- 
ment of*  corrosion  is  unavoidable. 

YIIL  Contents  of  cart. 

1.  Two  or  three  rocket  lines  laid  iip  loose;  one  end  of  the  rocket  line  is 
to  be  attached  to  and  launched  with  the  rocket. 

2.  Boxes  fitted  with  faking-pins,  in  which  to  stow  the  rocket  lines. 

3.  A  haicser  of  3-inch  Manilla  right-handed  roi)e,  from  40  to  120  fath- 
oms, according  to  the  steepness  or  flatness  of  the  shore. 

4.  A  "whip''  of  Manilla  line,  not  exceeding  IJ  inches,  rove  through  a 
single  tail  block.  The  "whip"  to  be  made  of  left-handed  rope,  the  re- 
verse of  the  hawser,  and  the  tail  of  the  block  to  be  at  least  two  fathoms 
in  length,  and  the  sheave  to  be  brass-bushed.  The  ends  of  the  "whip" 
to  be  spliced  together,  so  as  to  convert  it  into  an  endless  rope. 

5.  A  sling  life  buoy,  with  petticoat  breeches,  in  which  to  place  the 
person  to  be  rescued,  and  haul  him  ashore. 

6.  A  traveler^  or  inverted  block,  with  a  brass  sheave,  to  be  attached 
to  the  "sling"  and  carry  it  along  the  "hawser." 

7.  A  "double  block  tackle  purchase,"  for  settuig  taut  the  "hawser," 
one  of  the  blocks  being  fitted  with  two  tails  to  l>end  on  to  the  hawser,  or 
with  luff-tackles  fitted  to  put  on  to  the  hawser  with  strop  and  toggle 
(like  a  top-gallant  or  royal  purchase).    The  blocks  to  be  brass-bushed. 

8.  Three  small  spars  to  form  a  triangle,  over  which  the  hawser  may 
be  passed  and  thereby  raised  higher  above  the  water.  This  will  be 
found  convenient  on  parts  of  the  coast  where  the  shore  is  flat.  The  tri- 
angle should  be  fitted  with  a  swivel  snatch-block,  brass-bushed,  instead 
of  standing  hooks;  the  strapping  of  the  block  to  be  of  good  iron. 

9.  An  anchor  with  one  fluke  to  be  buried  in  the  earth,  sand,  or  shingle, 
to  which  to  set  up  the  hawser  by  means  of  the  tackle-purchase.  Or,  in 
some  places  where  the  shore  is  composed  of  soft  shingle  or  sand,  and 
where  an  anchor  will  not  hold,  a  stout  plank,  5  or  6  feet  long,  with  a 
fathom  of  chain  of  sufficient  strength  fastened  around  it  amidships,  may 
be  substituted  for  the  anchor.    This  plank  being  buried  3  or  4  feet  be-' 


326         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

neath  the  ground,  and  the  end  of  the  chain,  with  a  ring  attached,  led 
to  the  surface,  the  hawser  may  be  set  uj)  to  it  by  the  tackle-purchase  in 
the  same  manner  as  to  an  anchor. 

10.  A  red  flag^  2  feet  by  3  feet,  fixed  at  the  end  of  a  staff  5  feet  long,  and 
a  lantern  with  a  red  lens  fixed  in  it,  to  be  used  as  signals  in  the  manner 
directed  below. 

11.  Two  or  thre«  spades  or  shovels^  and  a  pieJcaxe^  to  be  of  good  quality, 
and  suitable  for  the  work ;  a  salvagee  strop,  a  few  pieces  of  extra  rope,  to 
be  used  as  occasion  may  require. 

12.  A  light  liand-harroirj  when  thought  necessary,  for  carrying  por- 
tions of  the  apparatus  from  the  cart  to  the  place  where  it  is  to  be  used. 

13.  Three  sets  of  tally-hoards,  each  set  consisting  of  two  boards  of 
hard  wood  about  9  inches  long  by  5  inches  Tvide  and  |  inch  tliick.  These 
boards  to  have  the  foUo\^ing  words  painted  on  them  in  white  letters  on 
a  black  ground,  English  on  one  side  and  French  on  the  other,  viz : 

No.  1  tally-boanl  to  be  attache<l  to  the  whip. 

English :  Make  the  tail  of  the  block  fiust  to  the  lower  mast,  well  up. 
If  the  masts  are  gone,  then  to  the  best  place  you  can  find.  Cast  off 
rocket  line ;  see  that  the  roi)e  in  the  block  runs  free,  and  show  signal  to 
the  shore. 

French :  Fouettez  la  poulie  le  i^lus  haut  possible  siu*  le  bas-mat,  on  k 
I'endroit  le  plus  favorable  si  les  bas-mats  sont  perdus,  Detachez  la 
ligne,  voyez  que  la  corde  coure  facilement  dans  la  i)oulie,  et  faites  sig- 
nal au  rivage. 

No.  2  tally-board  to  be  attached  to  the  hawser. 

English :  Make  this  hawser  fast  about  2  feet  al)ove  the  tail-block.  See 
all  clear,  and  that  the  roi)e  in  the  block  runs  free,  and  show  signal  to 
the  shore, 

French :  Amarrez  cette  aussi^re  4\  deux  pieils  environ  au  dessus  de  la 
poidie.  Voyez  que  rien  n'engage  et  que  la -corde  coure  facilement  dans 
la  poidie,  puis  faites  sigiml  au  rivage. 

14.  Long  light, — One  box  of  Colonel  Boxer's,  to  be  used  as  occasion 
may  require. 

15.  Signal  rockets, — Eighteen,  throwing  white  and  red  stars. 

10.  Two  heaving  sticks  aiul  lines,  to  be  used  as  occasion  may  recpiire. 

17.  A  water  harrieo,  with  a  large  square  hinge-bung,  large  enough  to 
admit  a  man's  hand,  will  be  supplied  if  specially  demanded. 

18.  A  huicser-cutterj  for  the  purpose  of  severing  a  hawser  from  a  wreck. 

19.  A  tarpauJinj  to  cover  over  the  apparatus  and  stores  in  the  caii; 
when  the  apparatiis  is  not  in  use,  and  fitted  with  l)eckots  and  tent  pegs 
to  secure  it  on  the  beach  or  shore  for  coiling  the  whip  on  when  the  appa- 
ratus is  in  use, 

20.  Life-helts, — ^Two  of  Captain  Ward's,  and  two  life-lines. 

N.  B. — ^The  whole  of  the  gear,  and  a  sufficient  supply  of  rockets,  &c., 
are  to  be  kept  in  the  rocket-api>aratu8  cari,  iti  good  order,  dry,  and  ready 
for  immediate  use. 

IX.  Rocket  apparatus  driul.^ 

1.  Always  keep  the  gear  dry  and  well  aired. 

2.  Ui)on  the  approach  of  a  storm  or  thick  dangerous  weather  on  the 
coast,  muster  the  gear  and  small  stores,  examine  tiie  cart,  especially  the 
axletrees,  trim  the  lamps,  and  prepare  for  service. 

3.  On  a  wreck  occurring,  the  watchman  will  call  the  officer  and  men, 
and  send  for  the  horses. 

issued  by  the  Board  of  Trade  [English]  Jnne,  1875. 
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4.  Great  care  should  be  taken  in  arranging  the  apparatus  >nth  pre- 
cision for  firing,  as  after  the  lines  become  wet  or  diity  there  is  less  chance 
of  effecting  a  conununication. 

5.  The  rocket-line  should  be  fa^stened  to  the  rocket-stick  as  sho^\^l  in 
one  of  the  engi^ivings.  The  line  should  have  about  three  fathoms  wetted 
before  being  rove,  and  should  also  have  a  figure  of  8  knot  made  near 
the  hole  at  the  end  of  the  stick,  so  that  if  the  line  is  bunit  near  the 
I'ocket  the  knot  will  i)revent  it  getting  free. 

G.  The  first  rocket  should  always  be  fired  w  ith  the  line  in  the  box,  and 
the  box  shoidd  be  slightly  tilted  towards  the  wreck. 

7.  In  hauling  off  the  hawser  do  not  stop  the  end  vp  icith  a  rope-yarn^  but 
leave  three  fathoms  hanging  loose, 

8.  AMien  working  the  whip  keep  the  veering  part  well  separated 
from  the  hauling  part,  the  parties  at  each  staitding  as  far  apart  as  pos- 
sible, the  hawser  being  between  the  two.  Lift  the  whip  well  in  order 
to  keep  clear  of  surf  or  sea- weed. 

\).  ^^llen  the  service  or  exercise  is  over,  the  stores  are  to  be  returned 
to  the  cart  and  the  pai'ty  to  fall  into  the  "order  of  march,"  and  return 
to  the  station. 

10.  Great  care  should  always  be  talcen  that  the  ichole  of  tlie  gear  is 
thoroughly  dried  before  being  put  away.  All  kinks  and  tun^  sJwuld  be 
carefully  taken  out  of  the  lines  and  whip. 

DRILL. 

Words  of  command. 

1.  Rocket  party  fall  in. 

2.  Fonn  the  order  of  march  (or  double). 

3.  Halt. 

4.  Action, 

5.  Readv. 
0.  Fu^.*^ 

7.  Haul  out. 

8.  Haul  ashore. 

1.  Eocket party  fall  in. 

2,  4,  6,  8, 10,  12,  14,  rear  rank. 
1,  3,  5,  7,  9,  11,  13,  15,  front  rank, 
liocket  Xos.,  1,  2,  3,  4,  5,  6. 
Auxiliaries,  7,  8,  9,  10, 11,  12,  13, 14, 15. 

2.  Form  the  order  of  march. 


Duties  at  the  order  '^Halt^^  ''Action,^ 

No.  1  places  rocket-frame ;  pins  rocket  to  staff;  inserts  ftiee ;  places 
rocket  in  frsune;  reeves  line  through  staff;  makes  a  figiure  of  8  kno^  near 
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the  heel  of  staff;  puts  on  two  India-rubber  and  one  metal  washers,  and 
then  makes  another  figure  of  8  knot  in  the  end  of  the  line-points ;  elevates 
(making  due  allowance  for  force  and  direction  of  wind) ;  applies  portfire 
to  time-fiise,  and  then  steps  clear  and  removes  frame  when  communica 
tion  is  effected. 

Ko.  2  assists  No.  3  to  place  box  with  line  6  yards  to  the  rear  of 
frame;  lifts  box  clear  of  pins:  fakes  the  stray  rocket-line  to  the  rear  of 
frame;  bends  rocket-line  to  wliip,  and  then  takes  charge  of  right  side  of 
whip. 

'No.  3y  assisted  by  No.  2,  places  box  with  line  6  yards  to  the  rear  of 
frame;  lifts  box  cleai  of  pins  and  cants  it  in  the  direction  of  the  wreck, 
and  at  right  angles  to  the  line  of  fire;  takes  out  water  barrico  and  wets 
about  3  fathoms  of  end  of  line;  then  hands  it  to  No.  1,  assisting  him  to 
reeve  it,  and  takes  charge  of  the  left  side  of  whip. 

No.  4,  assisted  by  even  numbers  of  auxiliaries,  carries  the  whip  8 
yards  to  the  rear  of  frame,  sees  it  clear  for  running,  and  then  bends  it 
on  to  hawser*  about  2  fathoms  from  the  end. 

No.  5,  assisted  by  odd  numbers  of  auxiliaries,  takes  end  of  hawser 
and  tally  to  4,  and  clears  it  away  for  hauling  off  to  the  wrecks;  clove 
hitches  whip  to  traveler;  bends  on  breeches  buoy;  raises  triangle,  and 
snatches  hawser. 

No.  6,  assisted  by  even  numbers  of  auxiliaries,  buries  anchor  and 
backer,  hooks  on  luff  to  anchor,  and  secures  it  to  hawser. 

No.  7  attends  signals  under  direction  of  officer. 

Note. — ^If  there  is  no  7,  officer  attends  signals. 

No.  8  takes  charge  of  life-belts,  and  attends  to  stranded  crew  when 
landed. 

Odd  numbers  assist  No.  5  to  clear  away  hawser,  keeping  a  slight 
strain  on  it  while  being  hauled  off  to  wreck ;  even  numbers  assist  No.  6 
to  bury  anchor  and  backer,  &c.,  and  then  man  the  fall  of  the  luff-tackle 
purchase,  and  veer  and  haul  as  necessary. 

Even  numbers  assist  No.  4  in  working  the  whip,  hauling  off  hawser, 
&c. 

Note. — In  working  the  apparatus  with  only  six  men,  3  and  o 
assist  No.  6  to  raise  triangle  and  attend  hawser;  1,  2,  and  4  attend  and 
work  the  whip.  ^ 

AtixUiaries. — All  auxiliaries  are  to  assist  in  carrj'ing  stores  from  cart 
to  point  of  action. 

Even  numbers  haul  out  hawser  and  breeches  buoy. 

Odd  numbers  haul  ashore. 

All  numbers  above  15  should  be  told  off  to  guard  the  ground. 

*  TaUies  are  always  to  be  kept  bent  ou  l>oth  hawser  and  whip,  so  as  to  be  ready  for 
service. 
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APPENDIX  P  1. 

REmRT  OF  C.  B.  RICHARDS,  ENGINEER  OF  COLT'S  PATENT  FIRE-ARMS 
COMPANY,  UPON  TESTS  OF  THE  BEHAVIOR  UNDER  TENSILE  STRESS  OF 
SPECIMENS  OF  BRONZE  RECEIVED  FROM  LIEUT.  D.  A.  LYLE,  ORDNANCE 
DEPARTMENT,  ITNITED  STATES  ARMY,  WITH  A  DESCRIPTION  OF  THE 
TESTING-MACHINE  USED. 

(Plates  XLII-XLV.) 

The  Btateiueiit  of  the  results  of  the  tests  is  i)refaced  by  descriptions  of 
the  testing-machine  and  apparatus  used  and  the  methods  employed  in 
the  experiments. 

The  testing-machine  is  one  which  has  been  in  use  in  the  armory  of 
this  company  since  1871.  The  basis  of  the  machine  is  a  phitform-scale, 
by  which  the  forces  applied  to  the  Ni)ecimens  are  weighed  with  the  same 
accuracy  that  any  load  may  be  weighed  by  similar  scales. 

Figures  1  to  4  in  the  accompan.ving  drawings  show  different  \iews  of 
the  machine :  figure  1  being  a  rear  elevation  and  figure  2  an  end  eleva- 
tion of  the  entire  machine ;  figure  3,  a  fi*ont  elevation  of  the  weigh-beam 
ai>panitus,  and  figure  4  an  elevation,  pailly  in  section,  of  certain  parts 
of  the  strain-indicating  apparatus,  drawn  on  a  larger  scale  than  the 
other  elevations. 

A  is  the  platfonn  of  a  50-ton  scale,  of  which  B  is  the  weigh-beam,  with 
its  sliding  weight,  C'.  Upon  the  platform  a  cast-iron  frame,  D,  is  placed, 
to  sustain  the  nut  of  a  screw,  E,  to  whose  lower  end  are  applied  the  fix- 
tures for  holding  the  upper  end  of  a  specimen  intended  to  receive  a  ten- 
sile strain.  The  platfonn  is  5  feet  long  by  3  feet  wide,  and  has  an  oblong 
oi>ening  in  its  center,  through  which  two  long  screws  rise  about  2  feet 
above  the  platform.  The  screws  carry  a  strong  cross-head,  F,  which  can 
be  raised  or  lowered  by  two  nuts,  G.  The  screws  and  cross-head  are  not 
connected  with  the  platform  until  the  specimen  makes  the  connection. 
The  crosshead  receives  the  fixtures  for  applpng  strains  of  all  kinds  to 
si)ecimens  of  e^ery  shai>e.  For  tensile  strains  the  holders  which  grasp 
the  lower  end  of  the  si)ecimen  are  attached  to  the  top  of  the  cross-head. 
The  lower  ends  of  the  screws  (t  are  attached  to  the  short  arms  of  a 
massive  forked  lever,  H,  which  is  beneath  the  floor,  and  has  its  fulcra 
8up]K>rted  by  the  bed-plate  which  forms  the  foundation  of  the  scale. 
The  long  arm  of  this  lever  is  coupled  to  the  fulcrum  i  of  a  short  lever, 
I,  which  is  so  suspended  from  a  longer  lever,  J,  that  the  two  levers 
form  a  differential  system,  the  fulcra  j  and  i  of  the  tw^o  levers  not 
being  in  the  same  vertical  plane.  The  fulcnun  j  of  lever  J  is  raised 
or  lowered  by  a  screw,  K,  whose  nut  is  supi)orted  by  a  cast-iron  frame, 
L,  erected  uix>n  the  scale-foundation.  This  nut  is  worked  by  the  hand- 
wheel  M  through  a  system  of  toothed  wheels,  or,  w^hen  the  back  gear- 
ing (shown  at  N,  Fig.  2)  is  thrown  into  engagement  by  turning  the 
lever  N',  the  nut  may  be  worked  through  the  pulley  O  by  ix)wer 
obtained  from  the  factory  shafting.  The  connections  between  the  lever 
J  and  the  screws  G,  which  carry  the  cross-head,  are  so  arranged  that-,  by 
depressing  the  hmger  free  ann  of  J  the  cross-head  is  pulled  downwartl, 
and  by  raising  the  fulcrum  of  J  the  same  result  is  produced.  A  rod,  P, 
is  susi>ended  from  the  end  of  the  longer  arm  of  the  lever  J,  to  which 
plates  and  pans  are  attached  to  receive  weights  of  various  values,  and 
counter- weights  Q  may  be  applied  to  the  shorter  arm  of  the  lever  to 
balance  wholly  or  partly  the  preponderance  of  the  longer  arm.  The 
lower  end  of  the  rod  P  is  provided  with  a  piston,  which  moves  in  a  large 
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cylintlrical  vessel  coutaimng  oil  and  seizing  to  prevent  a  too  raiiid  fall 
of  the  loaded  end  of  the  lever.  If  the  foregoing  description  is  understood, 
it  is  evident  that  if  one  end  of  a  sx)ecinien,  a  rod  of  iron,  for  instane-e,  be 
attached  to  the  frame  I)  above  the  cross-head  F  and  the  other  end  be 
attached  to  the  cross-head,  the  si)ecinien  may  be  stretched  by  bearing 
down  the  end  of  the  straiiung-lever  J,  for  the  cross-head  will  tliereby  be 
pulled  downward.  The  anus  of  the  levers  are  so  proi)oi'tioned  that  one 
l)ouiul  applied  at  P  will  exert  a  strain  of  120  pounds  on  the  specimen ;  so 
a  strain  of  100,000  pounds  will  be  exerted  by  the  ap])lication  of  800 
pounds  at  P.  The  specimen  can  also  be  strained  by  weighting  the  rod  P 
so  heavily  that  it  will  be  held  down,  and  then  by  working  the  nut  of  the 
screw  K,  either  by  hand  or  ])ower,  the  fulcnim  j  will  be  raised,  and  the 
cross-head  pulled  downward  with  a  force  increasing  as  gra<lually  as  may 
be  desired.  As  the  specimen  is  suspended  from  the  frame  on  the  plat- 
fomi  of  the  scale,  any  stress  with  which  it  is  pulled  will  be  indicated  at 
the  weight-beam  B  and  can  thus  be  accurately  weighed.  Tlie  strain- 
indicating  a])paratus  is  shown  in  Figs.  3  and  4.  B  is  the  wcigh-l)eani 
of  the  scale  with  its  sliding- weights  C  Tlie  beam  is  gi-aduated  to  thou- 
sand-pound intervals,  and  the  small  weight  will  show  20-i)ound  incre- 
ments. A  long  straight  rod,  «,  hangs  at  the  end  of  the  weigh-beam  and 
dips  into  a  cylindrical  vessel,  ft,  which  is  movable  up  and  down  and  is 
filled  with  mercuiy.  The  weight  of  the  rod  a  is  so  adjusted  that  when 
the  rod  hangs  wholly  in  air  it  will  exactly  balance  10,000  pounds  on  the 
l)latform  of  the  scale,  but  when  immersed  to  a  certain  jioint  in  mercury 
it  floats  and  ceases  to  act  as  a  weight ;  between  these  two  points  its 
value  as  a  weight  dei)ends  on  the  extent  of  its  immersion  in  the  mercury, 
which  is  regulated  by  the  height  at  which  the  vessel  h  stands.  The 
mercury  vessel  may  be  raised  by  turning  a  pinion  which  works  in  a  rack 
fastened  along  the  side  of  the  vessel  and  the  vessel  may  be  held  up  by 
a  pawl,  r,  which  tends  to  engage  with  the  teeth  of  a  ratchet-wheel,  <?, 
fastened  to  the  pinion-shaft.  When  the  pawl  is  disengaged  and  its 
from  the  wheel,  the  vessel  descends  by  its  own  weight,  but  its  si)eed  of 
falling  is  controlled  by  a  piston  sliding  in  a  cylinder,  c,  tilled  with  oil, 
the  top  of  the  piston-rod  /  being  connected  with  the  vessel  by  a  chain 
passing  over  sheaves  g.  A  i)ii)e,  /f,  connects  t^e  upper  part  of  the  oil- 
cylinder  with  the  lower  pait,  and  a  screw- valve,  A'^  in  the  pipe  regulates 
the  flow  of  oil  which  is  produced  by  the  piston  rising  through  the  cyl- 
inder. The  variaticm  which  opening  or  closing  the  screw- valve  k  occa- 
sions in  the  resistance  to  the  flow  of  oil  through  the  pii)e  affords  the 
means  of  regidating  the  rapidity  of  descent  of  the  vessel  h,  A  valve  in 
the  piston  permits  the  mercury  vessel  to  be  raised  quickly,  even  when 
the  screw-valve  fc  is  closed.  A  scale,  ?,  on  the  side  of  the  mercury  vessel 
indicates  the  extent  to  which  the  rod  a  is  immersed  in  the  mercury,  and 
the  scale  is  so  marked  that  the  valve  of  the  rod  in  balancing  a  load  on 
the  platfonn  may  be  read  for  any  position  of  the  vessel  to  within  20 
pounds,  which  is  as  small  difference  as  the  testing-ma<*hine  is  intended 
to  indicate.  The  range  of  the  scale  is  10,000  pounds.  The  values  of  the 
scale  readings  can  be  checked  at  any  time  by  the  weights  C  on  the  beara^ 
and  have  been  found  to  be  invariably  correct.  When  greater  loads  than 
10,000  pounds  are  to  be  observed  the  suri)lu8  is  balanced  at  the  beam 
by  the  weights  C.  When  used  to  weigh  gradually-increasing  strains, 
the  operation  of  this  apparatus  is  made  automatic  in  the  following 
manner : 

On  the  end  of  the  weigh-beam  B  is  fastened  a  small  cup,  w,  contain- 
ing mercury,  into  which  platinum  wire,  n^  constantly  dips.  The  point  of 
a  second  platinum  wire,  j>,  stands  a  little  above  the  surface  of  the  mer- 
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cury  when  the  beam  B  is  down,  but  when  the  beam  rises  this  wire  also 
dips  into  the  mercury.  The  platinum  wires  form  the  terminals  of  two 
insulated  wires  leading  from  the  two  poles  of  a  galvanic  battery  whose 
circuit  is  closed  when  the  rising  of  the  beam  immerses  the  two  i)latinum 
points  in  the  mercury,  but  is  open  when  the  beam  is  down.  An  electro- 
magnet, r,  is  inserted  in  the  course  of  one  of  the  wires  and  the  armature 
of  this  magnet  is  so  coimected  with  the  pawl  which  sustains  the  mer- 
cury vessel  that  when  the  battery  circuit  is  closed  and  the  magnet  is 
thus  vitalized,  the  pawl  c  is  drawn  away  from  the  wheel  ^,  but  when  the 
circuit  is  broken  the  pawl  falls  back  again  and  locks  the  wheel. 

When  suflScient  stress  to  overcome  the  weight  C  is  applied  to  a  speci- 
men the  weigh-beam  rises  and  closes  the  electric  circuit  by  which  the 
pawl  is  made  to  unlock  the  wheel  d ;  the  mercurj^  vessel  then  de- 
scends imtil  enough  of  the  rod  a  is  uncovered  by  the  mercury  to  enable 
the  rod  to  balance  the  stress  and  draw  the  beam  downward.  The  elec- 
tric circuit  is  thus  broken,  and  the  pawl  locks  the  wheel,  preventing  a  fiir- 
ther  descent  of  the  mercury  vessel  and  leading  the  beam  poised  imtil  it 
is  raised  bv  a  further  increase  of  stress. 

This  automatic  action  may  be  continued  imtil  the  specimen  breaks, 
when  the  beam  of  course  drops  and  the  merciu'y  vessel  h  is  locked  in 
place  by  the  pawl.  The  sum  of  the  readings  of  the  weight  C  on  the 
beam,  and  the  scale  I  on  the  mercury  vessel,  gives  the  maximum  stress 
on  the  specimen. 

Figures  5,  6,  and  7  show  one  of  the  pair  of  clavsps  for  fastening  the 
8i)eciinens  in  the  machine.  Figure  13  represents  the  finished  specimen, 
and  figure  12  shows  the  specimen  with  nuts  screwed  on  its  ends  to  form 
heads  by  which  the  specimen  may  be  grasped  by  the  clasp.  The  clasp 
is  made  in  halves  hinged  together,  and  is  shown  open  in  figiu'es  5  and  6 
and  closed  in  figures  7  and  8.  One  clasp  embraces  the  upper  head  of 
the  specimen  and  the  lower  end  of  the  screw  E  of  the  testing-machine, 
thus  attaching  the  specimen  to  the  screw.  The  other  clasp  embraces 
the  lower  head  of  the  si)ecimen  and  the  upper  end  of  a  bolt  fastened  in 
the  top  of  the  pulling  cross-head  F,  attaching  the  8i)ecimen  to  the  cross- 
head  and  thus  forming  the  connection  between  the  cross-head  and  the 
l>lattbnn.  The  halves  of  the  clasps,  when  they  are  put  in  place  in  the 
machine,  are  locked  together  by  pins  j  >assing  through  the  axes  of  the  hii]  ges, 
as  shown.  A  specimen  is  represented  in  place  in  the  machine  at «,  figme  2. 
Two  different  gauges  were  used  to  measure  the  extensions  of  the  speci- 
mens; one  of  these,  shown  in  figures  11  and  12,  was  used  for  stresses 
within  the  elastic  limit,  and  the  other,  illustrated  in  figure  9,  was  applied 
after  the  elastic  limit  was  passed. 

The  first  (A)  consists  of  two  plates  of  glass  hehl  face  to  face  in  sepa- 
rate steel  frumes,  which  are  locked  together  and  slide  freely  along  each 
other;  one  of  the  frames  is  terminated  by  a  ball,  and  the  other  by  a  stem, 
at  the  end  of  which  is  a  similar  ball.  By  grasping  the  baUs  and  pidling 
them  apart  the  glass  plates  slide  along  each  other.  On  the  longer  glass 
j>late  a  scale  is  rule<l  with  fine  lines,  1  inch  being  there  di^ided  into  100  parts. 
On  the  shorter  plate  a  space  ^q  of  an  inch  long  is  divided  into  ten  parts, 
the  lines  being  ^^^  of  an  incn  apart.  The  ball-shaped  ends  of  this  slid- 
ing gauge  are  clamped  in  the  jaws  of  two  holders,  shown  in  figures  10 
and  12,  one  of  which  is  clamped  around  each  end  of  the  cylindrical  part 
of  the  specimen.  When  the  gauge  is  thus  fastened  in  place  and  the 
sx>ecimen  is  stretched,  the  scales  pass  over  each  other  lengthwise,  and 
by  observing  the  scales  through  a  powerful  microscope  the  extensions  may 
be  read  to  within  a  ten  thousandth  of  an  inch,  for  it  is  easy  to  subdivide 
to  tenths  by  the  eye  the  spaces  between  the  lines  of  the  small  scale. 
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A  microscope,  not  shown  in  the  drawings,  is  so  fastened  on  the  ma- 
chine that  the  gauge-readings  can  easily  be  observed. 

The  gauge  B  is  a  sliding  vernier  gauge,*  reading  to  thousandths  of  an 
inch.  Its  two  ends  are  fast^ened  to  the  two  specimen  clasps,  which,  sa 
they  become  separated  by  the  stretching  of  the  specimen,  draw  the  ver- 
nier of  the  gauge  over  the  scale,  and  the  extensions  may  be  obtained 
from  the  changes  in  the  gauge-readings. 

Method  of  testing, 

Tlie  specimens  were  tested  in  lots  of  4  as  they  were  received.  Each 
one  was  first  tested  up  to  and  somewhat  beyond  the  elastic  limit,  the 
stress  being  applied  by  working  the  straining-screw  nut  by  hand.  The 
gauge  A  waB  applied  to  the  specimen,  and  the  extensions  corresponding 
TO  different  stresses  were  read  from  this  by  using  the  microscope.  A 
reading  was  taken  at  1,000  pounds,  after  which  the  stress  was  increased 
to  2,000  pounds,  and  a  second  reading  recorded.  The  stress  was  then 
reduced  to  1,000  pounds  and  the  corresponding  reading  again  t^aken. 
The  extension  at  3,000  pounds  was  then  observed,  and  afrerward  at 
1,000  pounds,  and  so  on  with  increased  stresses  and  repeated  reductions 
of  the  stress  to  1,000  pounds  until  the  probable  elastic  limit  was  ap- 
proached, when  the  increments  of  stress  between  the  observations  of 
extension  were  reduced  to  500  pounds.  As  soon  as  a  permanent  set 
occurred,  which  indicated  that  the  elastic  limit  had  been  exceeded,  this 
was  shown  by  a  difference  between  the  last  reading  at  1,000  pounds 
stress  and  former  readings  for  that  stress.  The  greatest  stress  observed 
before  this  set  occurred  has  been  taken  for  the  elastic  limit  of  the  speci- 
men. After  the  elastic  limit  had  been  exceeded  by  several  thousands 
of  pounds  and  the  corresponding  extensions  observed  for  all  the  speci- 
mens, the  first  specimen  was  again  placed  in  the  machine  and  the  gauge 
applied  to  the  holders.  A  graclually  increasing  x>ull,  starting  from  the 
greatest  stress  before  observed,  was  then  produ<^  by  working  the  strain- 
ing-screw nut  at  a  uniform  speed  by  the  pulley  o,  driven  by  the  factor?" 
shafting,  while  the  progress  of  the  increasing  stress  was  observed  by 
watching  the  descent  of  the  mercury  vessel  6,  and  at  the  instant  the 
scale  on  the  vessel  indicated  each  increase  of  1,000  i>ounds  stress  the 
reading  of  the  gauge  which  indicated  the  corresponding  extension  was 
taken  until  the  fracture  of  the  specimen  occurred.  The  extensions  of 
the  si)ecimen  by  strain  corresponding  to  the  different  pulling  stresses 
were  then  plotted  graphically,  and  the  curves  thus  formed  are  shown  in 
figures  14, 15  and,  16.  Figure  17  is  a  photograph  sho\^ing  the  original 
Bhape  and  surface  of  the  specimen  compared  with  its  appearance  after 
having  been  broken.  The  broken  specimen  here  represented  is  Xo.  914, 
marked  H3,  from  gun  A. 

The  data  and  results  of  the  tests  are  given  in  the  accompanying  table. 
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APPENDIX  Q. 

IKPORT  OF  THE  ORDNANCE  BOARD  ON  THE  EXPERIMENTAL  GUNS  PRO- 
CURED UNDER  ACT  OF  JI:LY  6,  lrf72,  WITH  ESTIMATE  FOR  THEIR  EX- 
HAUSTIVE TRIAL,  AS  CONTEMPLATED  BY  LAW. 

Office  of  the  Ordnance  Board,  U.  S.  A., 

New  Yorkj  April  11,  1878. 

Sir  :  Yoiu'  communication  of  tlie  8th  instant,  regarding  the  experi- 
iieiital  f^iBS  now  on  hand  at  Sandy  Hook  and  awaiting  trial,  has  re- 
leived  the  attentive  consideration  of  the  board,  and  in  compliance 
hereto  it  has  to  submit  the  following  rei>ort : 

Under  the  act  of  Congress  approved  June  G,  1872,  appropriating  ftinds 
or  the  procurement  and  tests  of  experimental  rifled  ordnance  of  heavy 
'.alibers  (to  be  selected  by  a  board  of  officers  of  the  United  States  Army, 
:o  be  apiK>inted  by  the  honorable  Secretary  of  War),  the  department,  un- 
ier  the  authority  of  law,  has  procured,  among  others,  several  guns 
wrhieh  are  now  on  hand  at  the  proving-ground  at  Sandy  Hook  awaiting 
trial.  These  guns  are  the  Woodbridge,  10-inch  rifle ;  the  Thompson,  12- 
inch  breech-loading  rifle ;  the  Sutclifte,  9-inch  breech-loading  rifle ;  the 
Lyman,  multicharge  gun ;  and  the  Mann,  8-inch  breech-loading  rifle. 

The  inclosed  statements  show  the  kind  of  grins,  the  number  of  rounds 
so  far  fired  from  each,  and  their  present  condition. 

It  ^vill  be  seen  that  the  Woodbridge  gun  has  been  fired  10  rounds;  the 
Thompson,  2  rounds;  the  Sutcliflfe,  26  rounds;  the  Mann,  11  rounds; 
and  the  Multicharge  gun,  3  rounds. 

The  extent  of  the  tests  so  far  made,  it  will  be  seen,  are  meager  in  the 
extreme,  and  no  evidence  of  any  special  imi>oii:ance  of  the  merits  of  any 
one  of  these  experimental  guns  has  consequently  been  obtained.  They 
have  been  in  the  possession  of  the  department,  awaiting  tiial,  for  two  or 
thi'ee  years,  but  want  of  funds  to  imdertake  what  may  be  regarded  as  a 
suitable  proof  has  prevented  the  prosecution  of  the  work.  They  were 
selected  by  a  board  of  officers,  after  carefid  investigation  as  to  their  pre- 
sumed merits  as  systems  of  construction  (both  breech  and  muzzle  loaders), 
and  have  been  procured  at  considerable  expense  to  the  government. 

In  view  of  the  facts  that  they  were  provided  for  experiments  and  tests, 
and  that  none  so  far  have  been  made  to  any  extent,  and  in  \'iew  of  the 
developments  to  be  expected  regarding  the  numerous  questions  involved 
in  gun  constructions,  both  muzzle-loading  and  breech-loading ;  the  in- 
teresting and  important  de\'elopments  to  be  made  in  furtherance  of  the 
solution  of  the  ballistic  questions,  now  occupying  the  attention  of  the 
civilized  worid,  and  improvements  to  be  develox)ed  in  powders,  projectiles, 
and  systems  of  rifling,  &c.,  the  board  is  of  the  opinion  that  some  meas- 
ures looking  to  the  trial  of  these  guns  and  as  contemplated  by  law  of 
June  G,  1872,  and  to  fully  test  these  difterent  inventions  (recommended 
by  the  board  organized  under  the  act),  should  be  instituted  by  the  de- 
partment for  the  procurement  of  a  sufficient  appropriation  from  Con- 
gress for  the  carrying  on  of  the  tests  at  as  early  a  date  as  practicable. 

The  inclosed  estimates  in  each  case  are  therefore  submitted  for  the  con- 
sideration and  action  of  the  department.  These  estimates,  it  is  believed, 
are  sufficiently  in  detail  to  cover  the  gi'ounds  as  to  what  is  contemplated 
to  be  done  in  each  case ;  also  sufficiently  itemized  to  show  what  materials 
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will  have  to  be  provided  and  what  changes  &c.,  will  have  to  be  madv  i 
constructions. 

S.  CRISPIN, 
Brt.  Col.  U.  ^V.  -4..,  Lieut.  CoL  of  Ord.y  Prmident  of  the  JUnmh 

T.  J.  TREADWELL, 

Major  of  Ordnaiu*. 
T.  G.  BAYLOR, 

Major  of  Ordnmc*. 
FRANK  H.  PHIPPS, 
Captain  of  OrdnancCj  Recorder  of  Bourd 

Chief  of  Ordnance,  U.  S.  A., 

Washington,  D.  C. 


Statement  of  the  condition^  and  estimate  of  amounts  required  for  the  cvn 
tinuance  of  the  trials  of  the  following  guns  naw  at  Sandy  Hook,  X.  J. 

Thompson,  12"  breech-loading  rifle. 
Woodbridge,  10"  muzzle-loading  rifle. 
Sutcliff,  9"  breech-loading  rifle. 
Mann,  8".4:  breech-loading  rifle. 
LjTnan  multicharge,  6"  rifle. 

THOMPSON  12-INCH   BREECH-LOADING  RIFLE* 

This  gun  is  now  at  Sandy  Hook,  and  in  the  same  condition  as  ^htii 
returned  from  the  Centennial  Exhibition.  Its  chamber  has  a  capacitj^^^ 
only  50  pounds  of  powder,  and  it  is  rifled  with  seven  grooves. 

For  transportation  to  and  from  South  Boston  foundery,  rifling  with  21  groove.  ?i«; 

lar^ng  chamber  for  battering  charge  of  120  pounds,  and  providing  gas-chttk  aii'. 

locking  arrangement  for  breech-bkick ^k  <^'"  '* 

For  preparation  of  carriage 3,  t""'  " 

For  platform  and  new  butt 5,'M*  •*■ 

For  labor,  mat'erials  &c.,  in  testing  gun *2, :i7n  '.«' 

For  500  rounds  (120  pounds  of  powder) If.  (*«'*»' 

For  250  projectiles 16,  f^'" 

Total 5U.»M«" 

WOODBRIDGE  10-I>Xn   MUZZLE-LOADING  RtFLE. 

It  is  now  lying  dismounted  at  Sandy  Hook  and  is  in  the  same  londi 
tion  as  was  reported  after  the  tenth  round  at  Frankford  arsenal.  Jo\>*- 
mounted  for  fiuther  trials,  it  will  be  necessary  to  finish  up  a  carriage  that 
was  partially  prepared  for  it  and  now  on  hand ;  this  will  cost  $1,(HX). « 
platform,  which  will  cost  ^2,500,  250  projectiles,  $10,000 ;  i^owder  foi 
500  rounds,  $12,000;  repairs  of  butt,  and  labor,  $3,000;  making  a  totol 
of  $28,500  to  complete  500  rounds. 

SUTCLIFFE  9-rXCH  BEEECH-LOADING  EIFLE. 

This  gun,  now  mounted  at  Sandy  Hook  on  a  carriage  prepared  for  it, 
has  been  fired  as  a  9-inch  2G  times  and  should,  in  Sie  opinion  of  the 
board,  be  fired  up  to  100  rounds  as  a  9''  caliber,  the  projectiles  for  tiib 
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purpose  being  now  on  hand — ^the  additional  cost  for  these  74  rounds  will 
l)e,  for  powder  $1,200 ;  labor  and  repair  of  butt,  $500. 

It  is  the  opinion  of  the  board,  and  the  desire  of  the  inventor,  that  this 
^m  should  be  bored  up  and  rifled  to  a  10"  caliber ;  this  will  cost  $1,500; 
for  continuing  the  trial  to  500  rounds  as  a  lO''  caliber,  it  will  cost,  for  i)ow- 
der,  $8,400 ;  for  projectiles,  $10,000 ;  for  repair  of  butt,  labor,  &c.,  $2,000; 
making,  in  all,  $23,000.    The  gun  is  in  good  condition. 

MANN  8.4-INCH  BREECH-LOADINa  RIFLE. 

This  gun  is  now  on  hand,  in  good  condition,  at  Sandy  Hook,  and  a  car- 
riage ready  for  it.  For  further  trial  it  should  be  rechambered  for  40 
])ounds  charge  and  a  new  gas-check  prepared  for  it;  this  will  cost  $1,500; 
for  |K)wder,  $6,000 ;  for  projectiles,  $5,000 ;  labor  and  repair  of  butts^ 
82,000 ;  making,  in  all,  $14,500. 

LYMAN  MULTICHARGE  6-INCH  RIFLE. 

The  Lyman  multicharge  gun  is  at  Sandy  Hook.  It  has  recently  been 
fiirnished  with  a  new  breech-cap,  putting  it  in  good  condition.  Cost  of 
further  trial  of  same : 

50  projectiles |300  00 

r>()Hal)ota 300  00 

50  wads 400  00 

Total 1,000  00 

Summary  of  amounts  required. 

ThompsoD  12"  breech-loading  rifle $50,000  00 

Wooflbridfre  10"  muzzle-loading  rifle 28,500  00 

Siittlifle  9"  breech-loading  rifle 23,600  00 

Mauu8".4  breech-loading  rifle 14,500  00 

Lyman  6"  multicharge 1, 000  00 

117, 600  00 


War  Department, 
Washingt&n  Gity^  April  19,  1878. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  House  or  Eep- 
resentatives  a  communication  from  the  Chief  of  Ordnance,  dated  the 
15th  instant,  and  the  papers  accompanying  the  same,  in  regard  to  the 
five  experimental  guns,  including  "breech  and  muzzle  loading  cannon," 
jncKjured  by  the  Ordnance  Department  under  the  act  of  Congress  of 
July  6, 1872. 

The  guns  have  been  in  the  possession  of  the  department  for  two  or 
three  years,  but  owing  to  lack  of  funds  very  few  rounds  have  been 
tired  from  each  gun.  The  necessity  for  the  trial  is  fully  set  forth  in  the 
report  of  the  Onlnance  Board  and  of  the  Chief  of  Ordnance  j  an  appro- 
l)riation  for  the  purpose  of  continuing  and  comi^leting  the  trial  is  there- 
tore  respectfully  recommended. 

GEO.  W.  MoCEARY, 

Secretary  of  War, 

The  Speaker,  House  of  Representatives. 

22  0RD 
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Ordnance  Office,  War  Depart:mext, 

Washington^  April  15,  ISTS. 

Sir  :  Under  the  act  of  Congress  of  July  6,  1872,  five  experimf^nrAl 
guns,  including  breech  and  muzzle  loading  cannon,  were  procured  by  th> 
department.     These  guns  were  designated  by  a  board  of  officerb  aj^ 
pointed  under  the  provisions  of  that  act,  and  have  been  in  the  ikik^^< 
sion  of  this  department  for  over  two  years.    The  inclosed  reiK^rt  o( 
the  Ordnance  Board  shows  the  very  few  rounds  each  ha«  been  fireiJ* 
and  the  necessity  for    exhaustive  trials  vnth   these    guiis    to  earn 
out  the  intention  of  the  law.    There  can  be  no  question  that  their  trial 
will  develop  much  that  will  be  of  great  value  regarding  the  many  hn 
portant  questions  that  enter  into  the  construction  of  such  heavy  ina>ji»s 
to  enable  them  to  endure  the  enormous  strains  to  which  they  are  >ah- 
jected  in  their  use  as  engines  of  war;  and  the  ballistic  qu^^on>  in- 
volved, that  now  absorb  the  attention  of  the  best  scieritilic  minds  m 
the  military  profession,  are  of  such  importance  in  the  determinatkfli  (tf 
the  best  methods  to  utilize  the  industnes  of  the  country'  in  preparins 
for  the  national  defense,  that  an  appropriation  such  as  is  recominemW 
by  the  Ordnance  Board  is  eminently  in  the  interest  of  the  public  st^iit. 
I  therefore  recommend  that  Congress  be  asked  for  an  ai>i>ropriari»»n 
to  enable  this  department  to  continue  and  complete  the  ti'ial  of  tbe^ 
guns. 

Ver>"  respectfully,  voitr  obedient  sers^ant, 

S.  V.  BEXfiT, 
Brig,  Oen.j  Clmf  of  Ordnam* 

The  honorable  the  Secretary  of  AVar. 


REPOETS  OF  THE  CONSTRUCTOR  OF  ORDNANCE. 

Office  of  the  Constritctor  of  Ordt^ance, 

New  YorJc  City,  September  21,  187.^ 

Sir  :  I  have  the  honor  to  inclose  herewith  reports  on  the  constmction 
of  the  following-named  ordnance  and  carriage  for  8-inch  breech-loaiiinj: 
rifle,  to  wit : 

12.25-inch  muzzle-loading  rifle. 

10-inch  muzzle-loading  rifle,  converted  from  a  13-inch  smooth-bore. 

Converted  8-inch  muzzle-loading  rifle  (breech  inserticm  of  lining). 

Converted  8-inch  breech-loading  rifle  (round-wedge  fermeture). 

Carriage  for  8-inch  breech-loading  rifle,  altered  from  a  barbette  car- 
riage for  10-inch  smooth-bore  gun. 

The  above  comi)rise8  all  the  experimental  guns  which  have  been  oon- 
Btructed  under  tlie  supervision  of  this  office  ui>  to  date  and  siiicv  the 
date  of  my  last  reports  x)ublished  with  the  report  of  the  Chief  of  Ord 
nance  for  the  year  1877. 

In  order  to  i)resent  a  full  report  of  the  constniction  of  the  12.25-ineb 
rifle,  portions  of  the  ])reliminary  report  heretofore  submitted  ha4i  to  \^ 
introduced  in  the  inclosed  report  of  its  construction. 

I  am  largely  indebtM  to  the  services  of  Capt.  Cullen  Bryant  an<l 
Lieuts.  Charles  S.  Smith  and  C.  W.  Whipple,  of  the  Ordnance  Dei^art 
ment,  in  the  compilation  of  these  rex)orts  from  the  data  on  the  flies  ot 
this  office. 

Verj'  respectfully,  your  obedient  servant, 

S.  CRISPIN, 
Bvt.  Col,  U,  8.  A.,  Lieut.  Col.  of  Ord.,  Comtriwtor  of  Ordnanre. 

The  Chief  of  Ordnance,  TL  S.  A., 

Washington^  D.  C. 
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APPENDIX  K. 

CONSTRUCTION  REPORT  OF  A  12.25-INCH  MUZZLE-LOADING  RIFLE.  CAST- 
IRON  CASING,  LINED  WITH  COILED  WROUGHT-IRON  TUBE,  INSERTED 
FROM^THE  MUZZLE.     (SYSTEM  No.  1.) 

(One  plate.) 
The  12.20-INCH  MuzzLE-LoADiNG  Eifle. 

DESCRIPTION  OF  THE  GUN. 

(Plate,  Figure  2.) 

The  gun  consists  of  a  cast-iron  body  or  casing  of  the  Eodman  model, 
lined  with  a  coiled  wrought-iron  tube.  It  conforms  in  the  general  plan 
of  its  construction  to  the  8-inch  converted  rifle — ^wrought-iron  lined — 
a  full  description  of  which  has  been  given  in  previous  reports.  The 
only  material  point  of  difference  is  in  the  use  of  three  additional  secur- 
ing pins  to  prevent  the  tube  working  in  the  casing. 

RIFLING. 

The  rifling  consists  of  21  lands  and  grooves,  each  of  equal  width. 

Width  of  laucla  and  grooves 0.9163  inch. 

Depth  of  grooves 0.09      inch. 

Twist  uniform,  one  turn  in  70  feet. 

Tlie  full  depth  of  the  rifling  stops  at  a  point  20  inclies  from  the  bottom 
of  the  bore,  and  the  grooves  are  terminated  with  a  uniform  bevel  2 
inches  in  length. 

VENTING. 

Tlie  vent  is  located  parallel  to  the  vertical  plane  through  the  axis  of 
the  bore  and  3  inches  to  the  left.  It  enters  the  bore  at  9.5  inches  from 
the  bottom. 

FABRICATION. 

Tlie  tube  was  manufactured  at  the  works  of  Sir  William  Armstrong, 
at  Newcastle-upon-T^Tie,  England.  It  is  of  coiled  wrought  iron,  and  made 
upon  the  same  plan  as  those  used  in  the  conversion  of  the  10-inch  Bod- 
man  smooth-bores  into  8-inch  rifles.  It  was  bored  up  to  an  interior 
4liameter  of  12".227,  in  order  to  remove  a  defect  fomid  in  the  bore  while 
in  progress  of  manufacture. 

The  diamet.er  and  length  of  the  tube  when  received  were  considerably 
in  excess  of  the  prescribed  finished  dimensions.  It  was  subjected  witi^ 
satisfactory  results  to  a  water-proof  of  375  pounds  per  square  inch,  and 
a  careful  in8i)ection  failed  to  discover  any  flaws  or  defects  in  its  construc- 
tion. 

The  casing  was  manufactured  and  the  gun  finished  at  the  South 
Boston  foim(lery. 

The  giui-casing  was  cast  on  the  Bodman  plan  and  cooled  from  the 
interior  by  a  current  of  water.  The  pattern  and  flask  for  the  mold 
were  the  same  that  were  used  in  the  construction  of  the  Thompson  12- 
inch  breech-loa<ling  rifle.    These  were  altered  to  conform  to  the  different 
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exterior  dimensions,  and  a  muzzle  section  30  inches  long  was  added  to 
give  the  additional  length  required.  A  new  core-barrel  was  provided 
on  account  of  the  increased  diameter  of  the  bore  over  the  Thompson  gun- 
casing. 

FURNACES  AND  IRON. 

The  ordnance  foundery,  in  which  the  gun-casing  was  cast,  contains 
three  reverberatory  furnao^es,  all  of  which  were  charged  to  their  full 
capacity.    The  grades  and  quantities  of  iron  employed  were  as  follows : 

Ponnds. 

No.  1.  Dover  pig-iron 22. 500 

No.  2.  Dover  pig-iron 22, 50O 

No.  3.  Dover  pig-iron 22. 500 

No.  1.  Muirkirk  pig-iron 22. 500 

No.  2.  Muirkirk  pig-iron 22. 5(K) 

No.  3.  Muirkirk  pig-iron 22. 50O 

Remelted  Dover  and  Muirkirk 47. 400 

Total 182.400 

Each  fdmace  was  charged  with  equal  weights  of  the  ditterent  grades. 

GUN-PIT  AND  FLASK. 

The  gun-pit  in  which  the  casing  was  cast  is  11  feet  in  diameter  and 
22  feet  in  depth.  The  flask,  when  in  the  pit,  extended  about  7  feet  above 
the  top.  To  conduct  the  metal  from  the  fiiniaces  to  the  fla^k,  the  tap- 
hole  of  each  fiimace  was  connected  by  a  runner  with  a  common  reservoir 
or  basin  for  mixing  the  charge;  thence  two  runners  extended  to  the 
flask,  connecting  with  side  runners  on  opjiosite  sides  and  at  points  about 
4  feet  8  inches  from  the  top,  which  was  as  high  as  the  flow  of  metal  from 
the  frimaces  coidd  reach.  To  fill  the  flask  above  this  height,  it  was  ar- 
ranged that  a  portion  of  the  charge  of  one  of  the  furnaces  should  be 
drawn  off  into  ladles,  to  be  poured  in  at  the  top. 

CASTINa. 

The  fires  were  kindled  in  furnaces  Kos.  2  and  3  at  3.30  a.  m,,  and  in 
No.  1  at  4  a.  m..  May  30, 1877.  The  metal  was  down  in  all  the  furnaces 
by  12.30  p.  m.,  though  No.  1  preceded  the  others  by  ftdly  half  an  hour, 
on  account  of  being  more  advantageously  located  for  feeding  the  fires. 
Tests  of  the  metal  in  ftision  were  made  at  various  intervals.  At  4.40  p. 
m.,  it  was  fonm^  '*'o  be  in  proper  condition  in  aU  the  furnaces,  and  they 
were  tapped  simultaneously.  In  15  minutes  the  mold  was  filled  to  the 
level  of  the  runners  from  the  basin.  The  flow  of  metal  from  the  furnaces 
was  then  stopped  and  the  connecting  apertures  closed.  Two  large 
ladles  of  metal,  which  had  meanwhile  been  drawn  from  one  of  the  fur- 
naces, were  quickly  poured  in  at  the  top  of  the  flask,  which  filled  it  to 
within  20  inches  of  the  surface.  The  remaining  space  was  filled  by 
adding  three  small  ladles  of  metal,  the  last  one  being  poured  at  5.45  p.  m. 
It  was  found,  however,  the  next  morning,  that  the  surface  of  the  casting 
had  sunk  several  inches  during  the  night,  and  more  metal  was  then 
added. 

COOLING. 

The  water  was  let  into  the  core-barrel  at  the  same  moment  that  the 
fimiaces  were  tapped,  and  circulated  for  42  minutes  at  the  rate  of  60 
gallons  per  minute.    It  was  then  diminished  to  36  gallons  i>er  minute, 
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at  which  rate  the  circulation  was  continued  until  shut  off  for  the  purpose 
of  withdrawing  the  core-barrel.  Fires  were  lighted  in  the  pit  at  6.06  p. 
m.,  and  were  kept  burning  for  about  60  hours.  The  flow  of  water  was 
stopi)ed  24  hours  after  casting  and  the  core-barrel  removed.  The  water 
was  then  injected  into  the  gun,  and  after  a  short  interval  the  rate  of  cir- 
culation was  fixed  at  26  gallons  per  minute,  and  continued  until  118^ 
hours  after  casting,  when  it  was  shut  off,  excepting  a  small  stream  of 
half  a  gallon  per  minute,  which  was  allowed  to  circulate  for  14^  hours 
longer.  The  details  of  the  cooling  are  given  in  the  ^'  statement  of  fabri- 
cation.^   (Table  No.  1.) 

TURNING  AND  BORINO. 

When  the  gun  had  become  thoroughly  cooled,  the  flask  was  removed, 
and  the  outside  cleaned  of  as  much  of  the  scale  as  came  off  readily.  The 
hoisting  from  the  pit  was  attended  with  some  delay  and  difficulty,  as  the 
foundery-cranes  were  too  light  for  the  purpose,  and  additional  hoisting 
machinery  had  to  be  erected  temporarily.  It  was  finally  accomplished 
on  the  twelfth  day  after  casting,  and  the  gun  was  lowered  upon  skids 
alongside  the  pit.  The  remainder  of  the  scale  was  chipi)ed  off*  from  the 
exterior,  and  the  bore  was  cleaned,  as  far  as  practicable,  after  being 
treated  with  a  solution  of  diluted  sulphuric  acid  to  soften  the  scale. 
The  gun  was  then  transferred  to  the  machine-shop,  and  placed  in  the 
heading-lathe.  Wliile  in  this  machine,  the  greater  i)ortion  of  the  super- 
fluous metal  of  the  chase  was  removed  by  cutting  in  at  short  int^^rvals 
to  within  2  or  3  inches  of  the  required  diameter,  and  then  breaking  out 
the  inten^ening  rings  with  chisel  and  hammer.  A  ring  for  testing  pur- 
poses, 3  J  inches  thick,  was  cut  next  to  the  muzzle,  and,  as  soon  as  work 
upon  the  chase  was  sufficiently  advanced,  was  detached,  together  with 
the  sinking-head. 

The  gun  was  next  transferred  to  a  boring-lathe,  where  the  operations 
of  boring  and  turning  could  be  carried  on  at  the  same  time.  In  this 
machine  the  bore  was  finished  for  the  reception  of  the  tube  and  the  exte- 
rior, with  the  exception  of  the  trunnion  section  and  the  extremity  of  the 
breech,  turned  down  to  the  prescribed  dimensions. 

A  careful  inspection  at  this  stage  of  the  work  showed  the  bore  to  be 
smooth  and  free  from  flaws,  and  no  defects  of  importance  were  found  on 
the  exterior.  . 

Measurements  with  the  star-gauge  showed  a  diameter  of  bore  varying 
only  from  19''.494  to  19''.496,  and  the  eccentricity  nowhere  exceeded  0''.002. 

The  straightness  of  the  bore  was  verified  by  a  cylinder-gauge  60"  in 
length  and  19".49  in  diameter,  which  was  inserted  to  the  bottom  and 
withdrawn  without  difficulty.  To  finish  the  trunnion  section  of  the 
exterior,  the  casing  was  placed  in  a  trunnion-lathe  and  the  trunnions 
turned  down  to  their  proper  dimensions,  while  the  greater  part  of  the 
excess  of  metal  between  was  removed  by  a  planing-machine  working  at 
the  same  time.  The  sight  seat  and  rimbases  were  next  finished  by 
chipping  ofl'  the  surplus  metal  by  hand  and  filing  down,  and  an  indicator- 
hole  for  the  gas-escape  was  bored  near  the  breech. 

As  soon  as  the  diameter  of  bore  of  the  casing  was  determined,  the  tube 
was  placed  in  a  lathe  and  the  exterior  finished  to  a  diameter  varying 
uniformly  from  19".488  near  the  breech  to  19''.483  in  the  vicinity  of  the 
muzzle,  thereby  allowing  a  play  between  tube  and  casing  varying  from 
0".007  to  0''.013. 

The  tube  now  being  ready  for  insertion,  the  casing  was  placed  in  posi- 
tion upon  two  lathe-beds,  with  the  muzzle  slightly  elevated.    The  tube 
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was  suspended  by  slings  to  a  truck-crane,  and  having  been  thoroughly 
oiled  and  the  breech  smeared  with  red  lead,  was  swung  in  front  of  the 
casing  and  inserted  as  far  as  the  slings  woukl  permit ;  these  were  then 
shifted  forward  by  changing  the  position  of  the  crane,  and  the  tube  was 
allowed  to  slide  gradually  down  until  it  reached  the  bottom.  No  diffi- 
culties on  a<5count  of  sticking  or  binding  were  encountered.  The  tube 
was  then  withdrawn  and  the  operation  of  insertion  repeated  until  by 
filing  the  bottom  of  the  tube  a  thorough  contact  was  secured  between 
it  and  the  bottom  of  the  bore  of  the  casing.  After  this  had  been  accom- 
plished the  tube  was  pla<jed  in  the  rifling-machine  and  rifled.  It  waa 
then  finally  inserted,  and  the  muzzle-collar,  which  had  been  finished  in  the 
mean  time,  was  fitted  and  screwed  home. 

The  gun  now  being  assembled,  it  w  as  placed  in  the  heading-lathe  and 
the  nuizzle  faced ;  holes  were  drilled  for  the  vent-piece  and  securhig-pins,. 
which  AA  ere  inserted  in  their  places. 

Finally  the  breech-square,  w^hich  had  been  left  at  the  breech  for  hand- 
ling the  gun  in  the  lathe,  was  turned  down  until  it  could  be  broken  otf,. 
wlii(;h  was  done  by  blows  from  a  sledge  hammer,  and  the  breech  was- 
finished  by  chipping  off  the  remainder  of  the  surplus  metal  by  hand. 

TESTS. 

The  ring  taken  from  next  the  muzzle  of  the  gun  w-as  tested  for  initial 
tension,  and  specimens  were  afterward  taken  out  for  asceilainiug  the 
tenacity  and  density  of  the  metal.  The  results  are  given  in  table  Xo.  1. 
.  The  metal  of  the  ring  in  several  places  was  quite  spongy — ^indicating 
an  insufficient  length  and  w  eight  of  sinking-head — and  considerable  dif- 
ficulty was  experiened  on  this  account  in  secuiing  suitable  specimens  for 
the  test.  The  ring  was  taken  from  that  part  of  the  casting  where  the 
metal  wjis  poured  in  from  ladles  (and  consequently  wa«  somewhat  cooled). 
It  is  not  certain,  therefore,  that  the  specimens  tiiken  fr'om  it  con^ectly 
indicate  the  physical  properties  of  the  metal  in  the  gun  which  came 
direct  from  the  furnaces.  An  outside  specimen,  taken  from  the  gun  19' 
inches  from  the  muzzle,  was  tested,  and  gave  results  materially  differ- 
ent from  specimens  taken  from  the  ring.    (See  Table  No.  1.) 

INSPECTION. 

The  inspe(;tions  made  at  various  times  during  the  progress  of  the  con- 
struction showed  the  workmanship  of  the  gun  to  be  satisfactory  through- 
out. 

The  gun  when  finished  (December  21,  1877)  w^a^s  sent  to  the  proving- 
gi'ouud  at  Sandy  Hook,  X.  J.,  for  proof  and  trial. 

PRINCIPAl.  DIMENSIONS. 

Inches. 

Diameter  at  intizzle 27.55 

Diameter  at  18  inelies  from  muzzle 27.55 

Diameter  at  38  inches  from  muzzle 27.70 

Diauietei:  at  58  inches  from  muzzle 29.38 

Diameter  at  78  inches  from  muzzle 31.78 

Diameter  at  98  inches  from  muzzle 34.83 

Diameter  at  118  inches  from  muzzle 38.48 

Diameter  at  138  inches  from  muzzle , 42.68 

Diameter  at  158  inches  from  muzzle 47.08 

Diameter  at  178  inches  fix>m  nmzzle 50.93 

Diameter  at  198  inches  from  muzzle 53.78 

Diameter  (maxinmm)  at  218  inches  from  muzzle 55 

Diameter  at  breech 47.16 

Diameter  at  neck 41.60 

Diameter  of  trunnions J  [^^^*^* J^* 
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InclicB. 

Diameter  of  riinbases <  i^5.^ ,- 

Total  length  of  gun '..../..[ ! .'..".  26*2.92 

Length  of  trunnions \il^t^ [ 6il2 

Distance  between  rimbases 55.09 

Distance  from  axis  of  trnnnionB  to  face  of  muzzle 167.67 

Distance  from  axis  of  trunnions  to  rear  of  breech 95.25 

Distance  of  axis  of  trunnions  from  axis  of  bore 005 

Total  length  of  tube 232.12 

Total  length  of  bore  of  casing 232.12 

Maximum  eccentricity  of  bore  of  casing 002 

Length  of  B  tube 59.86 

Depth  of  wrought-iron  cup  at  bottom  of  tube 5.07 

Thickness  at  bottom  of  wrtiught-irou  cup 5 

Diameter  of  finished  tube,  from  bottom  to  60  inches J  19  488 

Diameter  of  bore  of  casing  from  bottom  to  60  inches <  19'49r 

CoiTes]Kmding  play (M)9 

Diameter  of  tinishod  tube,  from  60  inches  from  bottom  to  muzzle <  19  4Hr 

Diameter  of  bore  of  casing,  from  60  inches  from  bottom  to  muzzle <  i  q^og 

Corresponding  play 013 

Length  of  neck  of  tube  under  muzzle  collar 6.96 

Length  of  muzzle  collar 6.96 

Length  of  recess  in  casing 7.42 

Length  of  screw  on  muzzle  collar 4.H75 

Length  of  scrt^w  on  recess  in  casing 4.75 

Excess  in  length  of  screw  on  coUar  over  that  on  recess 125 

Diameter  of  tube  over  neck 16.506 

Literior  diameter  of  muzzle  collar 16.51 

Corresi>onding  play 004 

Diameter  of  muzzle  col lar  across  threads 19.992 

Diameter  of  recess  on  casing 19.999 

Play  between  collar  and  casing 007 

Thickness  of  collar 1.741 

Pitch  of  thread  on  collar 75 

R.'ulius  of  curve  at  bottom  of  bore  of  casiiig 2.18 

Radius  of  curve  at  bottom  of  tube 2.25 

Diameter  of  gas  channel  through  casing 23 

Distance  of  interior  orifice  below  axis  of  bore 7.06 

Distance  of  exterior  orifice  from  tangent  to  bottom  of  gun 18.16 

Length  of  bore  of  A  tube 227.11 

Length  of  rifled  portion  of  tube 206.90 

S12  227 
12  247 

Width  of  grooves 916 

Width  of  lands 916G 

Depth  of  grooves 091 

Pitch  of  rifling feet..    70 

Diameter  of  vent 2 

Diameter  of  vent  bushing 1 

Axis  of  vent  from  bottom  of  bore 9.2 

Axis  of  vent  from  vertical  plane  through  axis  of  bore 3. 15 

"     1 5.06 

o  5  55 

Length  of  securing-pins <^  No!  3"!"!!!!!!!!'."'!!'!!r.'..'*'!!!      9!52 

'  4^11I!*1!1!!!!^!!!!!!I!!!!1!!!!!   u.gs 

1 1.504 

2  1  50 

Diameter  of  securing-plns ^  J^-"*  q o* 

'4! !!!!!! !!!1I*11JJ'1"!!I!I!!!!!    2 

!No.  1 28.08 
jj^'  Q 10**  58 
No!  4.'.'.'!!."."'!'!!"!!!.'*!!.'""!'.'!I!  128.84 

Weight  of  gun pounds. .     89,350 

Counter  preponderance pounds..         51 


Ui 
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Table  No.  1. 

Faundery  history  of  the  12.25-ific^  muzzle-loadiny  rifle^  manufactured  at  the  South  Boston 

Foundery,  Bostorty  Mass, 

CHABQB. 

Irontued. 


Grade  of  iron. 


No.1 

No.  2 

No.  8  (hard) \ 

No.  3  (soft) : 5 

Bemelted 


Furnaces. 


No.  1. 


15,000 
15,000 

15,000 

15,800 


No.  2. 


15,000 
15,000 

15,000 

15,800 


No.  3. 


15,000 
15,000 

15,000 

15,800 


60,800 


60,800 


60,800 


TotaL 


45,000 
45,000 

45,000 

47,400 


182,400 


Coal  e<miUfMd. 


' 

Furnaces. 

No.  1. 

No.  2. 

No.  3. 

Total. 

Meltine 

57,000 

Pasion ^.^..m 

27,000 

84,000 

Character  qf  Ust-itickt. 

Furnaces. 

No.  1. 

No.  2. 

No.  3. 

Basin. 

Iron 

Nearly  white  . 

Mottled. 

SlighUy  mottled . . 

None  taken. 

May  30: 


Beoord  of  casting. 


Furnaces  fired  at 3.30  and  4  a.  in. 

Metal  down  at 12.30  p.  ni. 

Tinie  of  melting 9  hours. 

Time  in  fusion 4^  hours. 

Gun  cast  at 4.40  p.  m. 

Time  occupied  in  casting 15  minutes. 

Temperature  of  water  entering  core-barrel 62  degi-ees. 

Temperature  of  water  leaving  core-barrel  (45  minutes) 113  degrees. 

Bate  of  water  per  minute 36  gallons. 

Fire  kindled  in  pit 6.06  p.  m. 

June  2: 

Fire  in  pit  went  out 6.00  a.  m. 

Fire  in  pit  burned  : CO  hours. 

May  31 : 

Water  shut  oif  at ; 5.00  p.  m. 

Core-barrel  removed  at 6.45  p.  m. 

Water  entered  gun  at 6.57  p.  m. 

Temperature  of  water  entering  gun 64  degrees. 

Temperature  of  water  leaving  gun  in  13  minutes 136  degrees. 

Total  time  in  cooling  gun 119^  hours. 
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Cooling-table8» 


Core-barrel. 

Core-barrel  removed. 

Hours. 

Degrees. 

Hours. 

Degrees. 

Hours. 

Degrees. 

Hours. 

Degrees. 

Hours. 

Degrees 

1 

UO 

23 

84 

45 

129 

67 

87 

89 

72 

2 

106 

24 

83 

46 

128 

68 

85 

90 

72 

3 

104 
102 
100 

25 
26 
27 

47 
48 
49 

127 
128 
126 

09 

70 
71 

84 
83 
81 

91 
92 
93 

70 

4 

70 

5 

185 

70 

6 

98 

28 

179 

50 

125 

72 

81 

94 

70 

7 

100 

29 

169 

51 

128 

73 

81 

96 

70 

8 

100 

80 

159 

52 

121 

74 

80 

96 

70 

9 

100 

81 

150 

53 

119 

75 

79 

97 

70 

10 

100 

82 

146 

54 

117 

76 

78 

98 

70 

11 

102 

33 

139 

55 

114 

I   77 

78 

99 

70 

12 

100 

34 

134 

56 

110 

78 

78 

100 

70 

13 

100 

35 

140 

57 

105 

79 

76 

101 

70  • 

14 

100 

36 

142 

58 

101 

80 

75 

102 

70 

15 

100 

37 

144 

59 

99 

81 

75 

103 

70 

16 

99 

38 

146 

60 

97 

;    82 

75 

104 

70 

17 

90 

39 

143 

61 

95 

1    83 

75 

105 

70 

18 

90 

1   40 

138 

62 

98 

84 

75 

106 

69 

19 

89 

41 

136 

63 

92  . 

85 

74 

107 

69 

20 

88 

42 

134 

64 

91 

86 

74 

108 

69 

21 

87 

43 

132 

65 

89 

87 

74 

109 

68 

22 

86 

44 

131 

66 

88 

88 

74 

110 

68 

Mechanical  teaU, 


Specimens. 


No.eConteide)*.. 
No.  8  (middle)*.. 
28^0.4  (inside)*... 
Xo.  3  (outside) t.. 
No.  8  (middle) t.. 
No.  1  (inside)  t... 
Badial  specimen  ^ 


7.8454 
7.2717 
7.2731 
7.3374 
7.2698 
7. 3155 
7. 2728 


Tenacity. 


39,900 
33.000 
30,000 
40,794 
34,346 
40,704 
33,881 


*  Specimens  test«d  at  the  United  States  ordnance  agency. 

tSi>ecimens  test^  at  the  foundery. 

;  Specimen  taken  ftom  outaide  of  gun  at  about  19  inches  ftom  muzzle. 

Initial  tension. 

Exterior  diameter  of  ring 49".00 

Interior  diameter  of  ring 17".75 

Thickness  of  ring 3".54 

Thickness  of  broKen  section 0".58 

Interior  of  opening 0".068 

Exterior  of  opening 0".184 

Circumference  of  exterior  of  ring : 153''.938 

Exterior  per  inch  of  circumference 0" .001195 

Initial  tension 19,500 

Bemarks. — Equal  quantities  of  Dover  and  Muirkirk  were  used  in 
charging  the  furnaces.  Eecord  of  coal  consumed  was  not  kept  for  the 
different  furnaces.  Furnaces  Nos.  2  and  3  fired  at  3.30;  No.  1  at  4  a.  m. 
Cooling  tables  represent  the  temperature  at  which  the  water  left  the 
core-barrel  and  gun.  Temperature  was  at  GS^  when  the  water  was  shut 
off. 
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Table  No.  2. 

Table  ahotcing  relative  diameters  of  inferior  of  caMng  of  12.25-tnc^  muzzle-l4}ading  rifle,  anit 

exterior  of  tube  inserted  therein. 


a 

c  S 

;5^ 

§'3 

from 
tie. 

o  3 

;ao 

H 

c|  . 

-S- 

g|  . 

a  >» 

5.is  . 

k-4 

5    1 

^1 

1 

3,  =» 

/# 

It 

// 

// 

n 

1  It 

229 

19.494 

19.487 

0.007 

1.52 

19. 495 

19.  485 

'   0. 010 

228 

19.494 

19.  487 

.007 

150 

19.  495 

19. 485 

.010 

227 

19.494 

19.  487 

.007 

14« 

19.  495 

19.  485 

.010 

226 

19.  496 

19.  497 

.009 

146 

19.  495 

19.  485 

.010 

225 

19.  49<J 

19.  487 

.009 

144 

19. 495 

19. 485 

.010 

224 

19.496 

19.487 

.009 

142 

19.  495 

19.  485 

.010 

223 

.19.406 

10.488 

.008 

140 

19.  495 

19.  485 

.019 

•  222 

19.496 

19.  488 

.008 

138 

19.  495 

19.  485 

.010 

221 

19. 495 

19.  4H8 

.  007 

136 

19.  495 

19.  485 

.019 

220 

19.496 

19.  488 

.008 

134 

19.  494 

19.  485 

.009 

219 

19.  49(5 

19.  488 

.008 

132 

19.494 

19.  4X5 

.009 

218 

19. 496 

19.  488 

.008 

130 

19.  494 

19.485 

.009 

217 

19.  496 

19.  488 

.008 

128 

19.494 

19.  485 

.009 

216 

19.496 

19.  488 

,  .008 

126 

19.  494 

19.  485 

.009 

215 

19.496 

19. 488 

.008 

124 

19.  495 

19.  485 

.OlO 

214 

19.  496 

19.  488 

.008 

122 

19. 494 

19.  4X,i 

.009 

213 

19.496 

19.  488 

.008 

120 

19.494 

19.485 

.009 

212 

19.496 

19.4X8 

.008 

118 

19.  494 

19. 485 

.009 

'  211 

19.496 

19.  488 

.(K)8 

1   116 

19.494 

19.  485 

.009 

210 

10.  496 

19.488 

.008 

114 

19.494 

19.  485 

.009 

209 

19.496 

19.488 

.008 

112 

19.494 

19.  4X5 

.009 

208 

19.496 

19.488 

.008 

110 

19.  494 

19.48.") 

.009 

■  207 

19.49(5 

19.  4H7 

.009 

'   108 

19.  4M 

19.  485 

.009 

206 

19.  496 

19.  487 

.009 

106 

19. 495 

19.  48,-) 

.010 

205 

19.  496 

19.  487 

.(K)9 

104 

19.  494 

19.  485 

.009 

204 

19.496 

19. 4«7 

.009 

102 

19.  495 

19.  4X5 

.010 

203 

19.496 

19.  487 

.009 

100 

19.494 

19.483 

.011 

202 

19. 495 

19.  4S7 

.008    1 

98 

19.  495 

19.483 

.012 

201 

19.496 

19.  487 

.009 

96 

19.  495 

19.  48:^ 

.012 

200 

19.  49(5 

19.  487 

.009 

94 

19.494 

19.483 

.Oil 

199 

19.496 

19. 487 

.009    1 

92 

19.  495 

19.  48:5 

.012 

198 

19.  49(5 

19.  487 

.009    ' 

90 

19.494 

19.483 

.011 

197 

19.496 

19.  487 

.009 

88 

19.494 

19.4X:i 

.011 

196 

19.  495 

19.487 

.008 

86 

19.494 

19.4X3 

.011 

195 

19.495 

19.  487 

.008 

84 

19.494 

19. 483 

.011 

194 

19.  495 

19.487 

.008 

82 

19. 495 

19.  48:5 

.012 

393 

19.  495 

19. 487 

.008 

80 

19.494 

19.483 

.011 

192 

19.  495 

19. 487 

.008 

78 

19.  495 

19.  48:5 

.012 

191 

19. 494 

19.487 

.007 

1    76 

19.  495 

19.483 

.012 

190 

19. 494 

19.  4X7 

.007 

74 

19.  495 

19.483 

.012 

189 

19.494 

19. 487 

.007 

72 

19. 495 

19.  48.'5 

.012 

188 

19.  495 

19.487 

.008 

70 

19. 495 

19.483 

.012 

187 

19.  494 

19.  487 

.007 

68 

19.  495 

19.48:5 

.012 

186 

19.494 

19.  487 

.007 

66 

19. 495 

19. 483 

.012 

185 

19.  494 

19.  487 

.007 

64 

19.494 

19.483 

.011 

184 

19.  494 

19.  487 

.007 

62 

19.  495 

19.483 

.012 

18:} 

19.494 

19.487 

.007 

60 

19.494 

19.483 

.011 

182 

19.494 

19. 487 

.097 

58 

19.  495 

19.483 

.012 

181 

19.494 

19.  487 

.007 

56 

19.  495 

19. 48:} 

.012 

180 

19.494 

.   19. 487 

.007 

54 

19.  495 

19. 483 

.012 

179 

19.494 

19.  487 

.007    1 

52 

19.  495 

19.483 

.012 

178 

19.494 

19.487 

.007 

50 

19.494 

19.  483 

.011 

177 

19.494 

19.  487 

.007 

48 

19.  495 

19.  48:5 

.012 

176 

19.464 

19. 487 

.007 

46 

19.494 

19.483 

.011 

175 

19.494 

19.487 

.007 

44 

19.491 

19.483 

.011 

174 

19.494 

19.486 

.008 

42 

19.  494 

19.483 

.011 

173 

19. 494 

19.  486 

.008 

40 

19.494 

19.483 

.011 

172 

19.494 

19.  486 

.008    I 

38 

19.494 

19.483 

.011 

171 

19.  495 

19.486 

.009 

36 

19. 495 

19.483 

.012 

170 

19.494 

19.486 

.008 

34 

19.  495 

19.483 

.012 

169 

19.494 

19.  486 

.008 

32 

19. 495 

19.483 

.012 

168 

19.494 

19.486 

.008 

30 

19. 495 

19.483 

.012 

167 

19.491 

19.  486 

.008 

28 

19.  495 

19.483 

.012 

166 

19.  495 

19.486 

.009 

26 

19. 495 

19.  483 

.012 

163 

19. 495 

19.  486 

.009 

24 

19. 496 

19.  483 

.013 

164 

19.494 

19.  486 

.008 

22 

19.496 

19.483 

.013 

163 

19.  495 

19.  486 

.009 

20 

19. 496 

19.483 

.013 

162 

19. 495 

19.  486 

.009 

18 

19. 495 

19.483 

.012 

161 

19.  495 

19.  486 

.009 

16 

19.  495 

19.483 

.012 

160 

19.494 

19.  485 

.009 

14 

19.  495 

19.4a3 

.012 

158 

19.  495 

19.485 

.010 

12 

19. 495 

19.483 

.012 

156 

19.  495 

19.485 

.010 

10 

19. 495 

19.483 

.012 

154 

19.495 

19.485 

.010 

1 

8 

19. 495 

10.483 

.012 
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APPENDIX  El. 

CONSTRUCTION  REPORT  OF  10-INCH  MUZZLE-LOADING  RIFLE.  CON- 
VERTED  FROM  A  13-INCH  RODMAN  SMOOTH-BORE,  BY  LINING  WITH  A 
COILED  WROUGHT-IRON  TUBE,  INSERTED  FROM  THE  MUZZLE.  (System 
No.  2.) 

(One  plate.) 

DESCRIPTION  OP  THE  GUN. 

(Plate  I,  Fig.  2.) 

Tlie  ca«t-iroD  easing  C  consists  of  a  13-inch  Rodman  smooth-bore  gun^ 
bored  up  to  a  diameter  of  17  inches.  The  tube  is  of  coiled  wrought  ii'on^ 
and  is  inserted  and  seemed  in  the  casing  in  the  same  manner  a«  in  sys- 
tem No.  1.  The  inner  or  A  tube  is  made  in  two  sections.  The  breech 
section  A'  is  joined  to  the  muzzle  section  A  by  counter-boring  and  cutting 
a  screw-thread  in  the  latter  for  its"  reception.  The  section  A'  is  united  by 
shrinkage  with  the  outer  or  B  tube.  The  latter  tube,  for  a  distiince  of 
5  inches  from  its  joint  with  the  muzzle  section  of  the  A  tube,  is  bored  to 
an  interior  diameter  of  13  inches,  and  for  the  remainder  of  its  length  to 
13.5  inches,  thereby  forming  the  slioulder  a  «,  0''.25  in  height.  It  extends 
2.5  inches  beyond  the  A'  tube  at  the  rear,  and  the  bottom  is  closed  by  the 
disk  D,  which  is  screwed  in  and  forms  a  close  contact  with  the  breech  of 
the  A'  tube. 

The  object  of  this  form  of  construction  is  to  secure  an  increased  longi- 
tudinal strength  to  tlie  system  of  lining  cast-iron  guns  with  coiled 
wrought-iion  tubes.  By  this  arrangement  all  the  longitudinal  strength 
existing  in  both  the  inner  or  A'  tube  and  the  B  tube  can  be  brought  into 
play. 

Heretofore  tlie  B  has  only  been  shrunk  on  without  a  shoulder,  and 
thus  only  aiding  the  inner  tube  (longitudinally)  by  the  resulting  Mctiim, 
and  1ms  not  the  advantage  of  the  positive  locking  together  of  the  tube 
and  jacket  provided  for  by  this  form  of  construction. 

The  action  in  actual  practice  wiU  be  as  follows: 

The  gun  on  being  discharged,  the  powder  impresses  on  the  bottom  of 
the  bore  the  pressure  of  its  gases,  and  also  on  the  projectile.  The  lat- 
ter, in  its  passage  through  the  bore — especially  when  the  maximum 
pressures  attain — creates  considerable  and  dangerous  longitudinal  strains 
from  friction  on  the  surface  of  the  bore,  calling  into  play  the  longitu- 
dinal strength  of  the  inner  tube,  which,  ordmarily  constructed,  has,  in 
some  cases,  failed  (as  experiments  have  shown)  to  sustain  the  strain,  and 
longitudinal  rupture  has  ensued. 

By  the  plan  under  consideration  the  screw-cup  E,  held  firmly  at  the 
bottom  of  the  bore  by  the  developed  gases,  triinsndts  the  pressm^e  it  sus- 
tains to  the  disk  D,  which  in  turn  holds  the  outer  tube  or  jacket  B  by  its 
union  with  it. 

The  projectile  in  its  passage  through  the  bore  throws  a  powerful  (fric- 
tional)  longitudinal  strain  on  the  inner  tube,  which,  when  the  maximum 
strains  are  reached,  transmits  the  thrust  to  the  shoulder  a  a.  This  in 
turn  transmits  it  to  the  jacket  B,  which  being  secured  at  the  base  by 
the  disk  I),  is  drawn  upon  for  its  longitudinal  strength,  in  the  manner 
pro^ided  for  by  the  improvement  presented. 
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RIPLma  AND  VENTING. 

The  gun  is  rifled  with  17  lands  and  grooves,  each  of  equal  width.  The 
full  depth  of  rifling  stops  at  18  inches  from  the  bottom  of  the  bore,  and 
the  grooves  are  connected  with  the  unrifled  portion  of  the  bore  by  a 
bevel  1''.5  in  length. 

Width  of  grooves  and  lands 0.924  inch. 

Depth  of  jjrooves 0.08   inch. 

r\yi8t  unifonn,  one  turn  in  50  feet. 

The  vent  is  located  2".5  from,  and  parallel  to,  a  vertical  plane  through 
the  axis  of  the  bore,  and  enters  4".5  from  the  bottom. 

FABEICATION. 

The  work  of  conversion  was  performed  at  the  South  Boston  Founderj-. 
The  gun  used  for  the  casing  was  a  13-inch  Eodman  smooth-bore,  manu- 
factiJ^d  at  the  same  foundery,  and  inspected  and  proved  in  1866. 

The  gun  was  placed  in  a  boring-lathe  and  bored  up  to  17  inches ;  the 
recess  for  the  muzzle-collar  was  bored  and  tapped,  and  the  indicator-hole 
for  the  gas-escape  bored. 

The  several  parts  of  the  tube  as  received  at  the  foundery  were  bored 
under  size  and  rough  turned,  so  as  to  leave  a  slight  excess  of  metal 
above  the  required  (fiameters.  To  join  these  parts  the  B  tube  was  bored 
up  to  the  required  diameter,  and  the  thread  cut  at  the  breech  for  the 
disk.  The  muzzle  section  of  the  A  tube  was  counter-bored,  threaded, 
and  beveled  for  the  reception  of  the  breech  section.  The  latter  section 
was  then  finished  at  the  joint,  so  as  to  make  as  near  as  practicable  a 
mechanical  fit,  while  the  remainder  of  the  exterior  was  turned  to  a 
diameter  to  enter  the  B  tube  under  a  shrinkage  of  about  0".003.  The 
spiral  groove  for  the  gas-escape  was  then  cut  and  the  breach  squared 
off  and  finished. 

To  shrink  the  two  parts  together,  the  B  tube  was  placed  vertically, 
breech  upward,  upon  the  end  of  a  hollow  cast-iron  cylinder,  with  an 
interior  diameter  large  enough  to  admit  of  the  free  passage  of  the  front 
end  of  the  breech  section  of  the  A  tube.  It  (the  B  tube)  was  then  in- 
closed in  a  cylinder  of  sheet-iron  and  heated  up  by  a  MOod-fire  until  tlie 
interior  diameter  had  expanded  (y'.06. 

Tlie  section  of  the  A  tube  after  being  filled  with  cold  water,  which  was 
confined  in  the  bore  by  a  wooden  plug,  was  attached  to  a  crane  and 
lowered  into  the  B  tube  until  the  shoulders  on  each  came  in  contact. 
A  stream  of  water  was  then  turned  upon  the  B  tube  and  continued  until 
it  was  thoroughly  cooled.  The  disk  D  was  then  screwed  into  its  place 
at  the  breech. 

The  surfsices  of  contact  of  the  joints  (s  ^,  see  drawing)  of  the  two  sec- 
tions of  the  tube  as  now  assembled,  were  next  turned  down  and  fitted  to 
the  front  section  of  the  A  tube,  until  as  close  a  junction  was  secured  as 
was  practicable.  The  sections  were  then  screwed  together  and  the 
tube  turned  down  in  a  lathe  to  the  required  dimensions  for  insertion  in 
the  casiDg,  and  afterward  bored  up  to  the  prescribed  diameter  and  rifled. 

The  mode  of  inserting  the  tube  was  identical  with  that  employed  in 
the  construction  of  the  12.25  inch  rifle. 

After  the  insertion  of  the  tube  the  vent-piece  and  securing-pins  were 
inserted  in  their  places  and  the  muzzle  faced.  The  tube  and  muzzle- 
collar  were  allowed  to  project  1".5  beyond  the  muzzle  of  the  casing. 
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INSPECTION. 

The  inspections  made  at  various  times  during  the  progress  of  the  work 
were  satisfactory  with  regard  to  the  workmanship  of  the  tube.  The 
bore  of  the  casing  was  found  not  to  be  perfectly  true,  and  required  con- 
siderable enlargement  by  grinding  at  certain  points,  before  the  tube  could 
be  inserted  to  the  bottom. 

PRINCIPAL  DIMENSIONS. 

Total  length  of  tube 153.22   inches. 

Total  length  of  bore  of  casing 151.70   inches. 

Maximum  eccentricity  of  bore  of  casing 029  inch. 

Length  of  B  tube .* 48.88   inches. 

Interior  diameter  of  B  tube \     !q  K?i  •^^?®®* 

)      13.510  inches. 

Diameter  of  A'  tube  underneath  B  tube {     l^'^']  inches. 

J      13.514  inches. 

Shrinkage 0.004  inches. 

Depth  of  gas-escape  on  A  tube 05    inch. 

Width  of  gas-escape  on  A  tube 0.1     inches. 

Pitch  of  spiral  of  gas-e8cai)e 10        inches. 

Depth  of  wrought-iron  cup  at  bottom  of  tube 3.48   inches. 

Thickness  at  bottom  of  wrought-iron  cup  and  disk .  J  ^}^ |-^   inches 

Diameter  of  cup,  over  threads 9.8     inches. 

Pitch  of  thread  on  cup 0.3     inches. 

Dian.eterofinteriorofcup,at{*^JJ^-;;;;"--;--;---------------     8;|    '^^^ 

Diameter  of  finished  tube,  from  bottom  to  48  inches |     16  984  inches* 

Diameter  of  bore  of  casing,  from  bottom  to  48  inches <      17  047  inches" 

Corresponding  play 064  inch. 

16  986  inches* 

17  022  inches 

Corresponding  play .038  inch. 

Length  of  neck  of  tube  under  muzzle-collar 7.50   inches. 

«iigth  of  muzzle-collar 7.50   inches. 

ength  of  recess  in  casing 6.59    inches. 

Length  of  screw  on  muzzle-collar 4.40    inches. 

Length  of  screw  on  recess  in  casing 4.25    inches. 

Excess  in  length  of  screw  on  collar  over  that  on  recess 15    inch. 

Diameter  of  tube  over  neck 14.705  inches. 

Interior  diameter  of  muzzle-collar 14.710  inches. 

Corresponding  play 005  inch. 

Diameter  of  muzzle-collar  across  threads 17.506  inches. 

Diameter  of  recess  on  casing 17.522  inches. 

Play  between  collar  and  casing 016  inch. 

Tliickness  of  collar 1.398  inches. 

Pitch  of  thread  on  collar 75   inch. 

Radius  of  curve  at  bottom  of  bore  of  casing -. 1.95   inches. 

Radius  of  curve  at  bottom  of  tulie 2.00   inches. 

Diameter  of  gas-channel  through  causing 2     inch. 

Distance  of  interior  orifice  below  axis  of  bore 6.5     inches. 

Distance  of  exterior  orifice  from  tangent  to  bottom. of  gun 11.66   inches. 

Length  of  bore  of  A  tube 147.22    inclies. 

Length  of  rifled  portion  of  bore 129.08   inches 

T^.        X       i-  v                  1      1  S      10.000  inches 

Diameter  of  bore  across  lands <      ^o  004  inches 

Width  of  grooves 923  inch. 

Width  of  lands 925  inch. 

T^     4.1     r  S         -084  inch. 

Deptli  of  grooves |         .087  inch. 

Pitch  of  rifling 50        feet. 

Diameter  of  vent 2     inch. 
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Diameter  of  vent-busbing 1.01   inches. 

Axis  of  vent  from  bottom  of  bore 4.40    inches. 

Axis  of  vent  from  vertical  plane  through  axis  of  bore 2.46   inches. 

Length  of  securing-pin 7.98   inchc^s. 

Diameter  of  securing-pin 2.01    inches. 

Distance  of  securing-pin  from  muzzle 73.72   inches. 

Weight  of  gun 40^i$20  i>ound8. 

Counter-preponderance 0 

Tlie  gun  when  finished  was  sent  to  Sandy  Hook  for  proof  and  trial. 

No.  1. 

Table  showing  relative  diameters  of  interior  of  casing  of  104nch  muzzle-loading  rifle  and  exte- 

rv>r  of  the  tube  inserted  therein. 
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APPENDIX  E2. 

CONSTRUCTION  REPORT  OF  AN  8-INCH  MUZZLE-LOADING  RIFLE  CON- 
VERTED FROM  A  10-INCH  RODMAN  SMOOTH-BORE,  BY  LINING— BY 
BREECH  INSERTION— WITH  A  COILED  WROUGHT-IRON  TLTJE,  HAVING 
A  JACKET  SHRUNK  ON  EXTENDING  THROUGH  THE  BREECH. 

(One  plate.) 

PRELIMINARY  REMARKS. 

The  difficulties  of  securing  perfect  weldings  in  coiled  wrought-iron 
tubes  liave  led  in  some  instances — in  the  history  of  the  ernplojnnent  of 
Hnings  constructed  in  the  manner  and  on  the  present  plan  of  muzzle  in- 
sertion— ^to  the  development  of  grave  accidents  in  service ;  tubes  being 
"blown  out  and  the  muzzles  torn  off,  all  from  defective  welds. 

The. most  satisfactory  and  secure  remedy  for  this  imperfection  un- 
doubtedly lies  in  the  provision  of  a  shoulder  on  the  tube  (in  front  of  the 
charge),  tlie  gun  being  recessed  for  its  reception. 

An  otherwise  strong  and  durable  construction  eml>odying  this  feature 
must  accordingly  have  an  important  advantage  over  the  present  plan  of 
muzzle  insertion,  in  which  no  adequate  provision  can  be  made  to  pre- 
vent the  destructive  effects  of  a  tube  being  blown  out.  This  accident 
is  likely  to  occur  if  all  the  welds  are  not  spund — a  perfection  which  it  is 
impossible,  from  the  nature  of  the  construction  of  coiled  wrought-iron 
tubes,  to  uniformly  and  certainly  attain. 

The  uniform  success  of  our  present  guns  is,  in  a  great  measure,  due 
to  excellence  of  work  and  care  in  manufacture;  but  it  is  evident  that 
a  decided  improvement  attains,  if  we  can  have  perfect  immunity  from 
the  defect  alluded  to  above^  while  securing  a  perfectly  reliable  construc- 
tion in  other  respects. 

A  consideration  of  the  question  has  led  to  the  constniction  of  a  gun 
on  an  improved  plan  of  breech  insertion,  having,  it  is  believed,  more 
durability  than  the  present  plan  of  muzzle  insertion,  and  securing  the 
other  advantages  above  quoted. 

The  imperfections  of  breech  insertion,  in  alterations  heretofore  made, 
have  arisen  from  the  mode  of  construction  employed,  to  wit,  Heparating 
the  breech-plug  from  the  strengthening  tube  shrunk  on  the  inner  tube 
or  lining ;  also  from  the  solid  construction  of  the  plug. 

The  throwing  of  the  entire  longitudinal  strain  on  to  a  breech-plug  by 
<iepriving  it  of  all  assistance  from  the  longitudinal  strength  of  the  en- 
veloping jacket,  produces  a  line  of  longitudinal  weakness  at  the  junc- 
tion of  the  tube  and  plug,  where  the  longitudinal  and  tangential  strains, 
under  fire,  combine  to  produce  rupture.  This  fact  is  well  established  by 
■experiments  in  England. 

In  the  construction  luuler  consideration,  the  jacket  is  shrunk  on  the 
tube,  and  extends  continuously  with  a  unifonn  thickness  from  a  point  a 
short  distance  in  front  of  the  trunnions  to  the  breech -cup  of  the  inner 
tul)e,  and  thence,  with  an  increased  thickness,  clear  through  the  breech  to 
its  face. 

This  unbroken  continuity,  and  the  yielding  hollow  vi'rought-iron  breech 
thus  formed,  give  all  the  strength  desirable  at  the  bottom  of  the  l)ore,  to 
resist  the  combined  longitudinal  and  tangential  strains  at  that  point ; 
and  the  breech  portion  of  the  jacket  by  its  hollow  fonu  being  permitted 
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to  expand  in  unison  with  the  tube  when  the  latter  is  distended  under  the 
strains  of  discharge,  avoids  the  danger  of  rupture  liable  to  result  from 
the  rigidity  of  a  solid,  unyielding  breech.  A  square-cut  plus  thread  cut 
on  the  breech  portion  of  the  jacket  corresponds  with  a  minus  thread  cut 
on  the  cast  iron,  each  to  form  the  union  of  one  with  the  other.  The  area 
of  cross-section  of  the  wrought  iron  is  such  as  to  have  its  strength  pro- 
portional to  the  strength  of  the  thre^  on  the  cast  iron ;  reference  being 
had  to  the  relative  strengths  of  the  two  metals. 

The  breech  portion  of  the  jacket,  it  will  be  observed,  is  so  constructed 
as  to  overlap  the  bottom  of  the  tube  and  the  exterior  portion  of  its  cup. 
The  longitudinal  thrust  consequently  is,  at  this  point,  principally  borne 
by  the  wrought-iron  jacket,  and  not  by  the  secondary  breech-plug,  simply 
used  to  close  the  hoUow  part  of  the  former.  By  these  arrangements,  the 
greatest  resistance  is  secured  to  longitudinal  strains. 

A  breech  plug  of  cast  iron  completes  the  construction  of  the  breech. 
The  inner  tube,  shouldered  and  closed  at  the  bottom  in  the  usual  manner^ 
completes  the  mention  of  the  general  features  of  the  construction. 

It  will  be  seen  that  the  jacket  (l'^5  thick)  extends  to  tlie  front,  a  dis- 
tance of  about  40  inches  from  the  bottom  of  the  bore,  thus  reinforcing 
the  inner  tube  (1".25  thick)  to  a  greater  length  than  in  the  case  of  the 
"B''  tubes  of  the  present  constructions,  and  consequently  fully  strength- 
ening it  over  all  the  space  where  the  pressures  are  at  all  dangerous. 

DESCRIPTION  OF    THE  GUN. 

Plate  1,  Fig.  1,  represents  a  10-mch  Eodman  smooth-bore  gim  with  its 
lining  inserted  fi^m  the  breech.  Fig.  2  is  a  transverse  section  in  the 
plane  a,  b.  Fig.  3  is  a  similar  section  in  the  plane  c,  d.  Fig.  4  is  a 
longitudinal  section  in  the  plane  €,  /. 

Fig.  4.  The  gun  is  essentially  composed  of  three  parts :  (A)  the  origi- 
nal 10-inch  smooth-bore,  bored  out  to  receive  the  lining;  (B)  a  liuing- 
tube  of  coiled  ^Tought  iron  (welded),  with  a  jacket  (C)  of  wrought  iron 
with  its  hollow  base  or  plug  extending  to  the  face  of  the  breecJi ;  and 
the  breech-screw  (D).  The  bottom  of  the  tube  is  closed  by  a  WTought- 
iron  base  or  cup  (E).  A  shoulder,  h,  /t,  on  the  inner  tube,  prevents  the 
tube  from  being  thrust  forward  by  the  elfects  of  repeated  firings,  or  blown 
out  from  imperfect  coil-welds.  A  screw-collar.  A;,  at  the  muzzle,  gives 
additional  security,  resisting  any  forward  thrust  of  the  metal  of  the  tube 
in  front  of  the  shoulders.  The  dimensions  of  the  finished  Iwre  of  the  cast- 
iron  body,  and  the  exterior  dimensions  of  the  wrought-iron  tube,  are  given 
in  Table  1. 

It  will  be  seen  that  the  play  between  the  cast-iron  body  and  tube  and 
jacket  does  not  exceed  0".01  for  a  length  of  SSC  from  the  muzzle,  nor 
0''.004  from  this  point  to  the  commencement  of  the  screw-thread. 

The  greatest  diameter  of  the  tube  and  jacket  is  14".7.  The  diameter 
of  the  tube  from  the  muzzle-coUar  to  the  first  shoulder  is  10" .5.  The 
maximum  thickness  of  the  tube  and  jacket  is  therefore  3."35,  and  the 
minimum  thickness  of  the  tube  is  1".25. 

The  curved  part  of  the  end  of  the  tube  is  described  with  a  larger 
radius  than  the  corresponding  curve  in  the  cast  iron,  so  as  not  to  be  in 
crontact  with  it  at  that  part.  This  space  prevents  the  tube  from  acting 
as  a  wedge  to  split  open  the  cast  iron. 

The  thread  upon  the  muzzle-collar  slightly  exceeds  in  length  that  of 
the  corresponding  threml  in  the  muzzle  of  the  casing,  so  as  to  insure  a 
close  contact  between  the  end  of  the  tube  and  the  bottom  of  the  l>ore  of 
the  casing. 
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RIFLING. 

The  rifling  of  the  giiii  consists  of  15  lands  and  grooves  each,  of  equal 
width. 

Width  of  lands  and  grooves 0. 8377  inch. 

Depth  of  j^rooves 0. 075    inch. 

TwiHt  uuifomi,  one  tnni  in  40  feet. 

Tlie  rifling  stops  at  a  point  10  inches  from  the  bottom  of  the  bore,  and 
the  diameter  of  the  unrifled  portion  of  the  bore  is  equal  to  that  of  the 
rifled  portion  across  lands. 

VENTING. 

The  old  vent  was  closed  (the  copper  bushing  ha\ing  been  removed) 
by  a  wrought-iron  screw-plug,  and  2".75  nearer  the  muzzle  a  new  one 
was  bored,  i)arallel  to  the  vertical  plane  through  the  axis  of  the  bore,  and 
distant  therefrom  2".5().  Tlie  axis  of  the  vent  enters  tlie  bore  at  3".o 
from  the  bottcmi. 

FABRICATION  OF  THE  GUN. 

The  tube  was  manufacttured  and  work  of  conversion  performed  at  the 
West  l*oint  Foundery. 

The  gun  selected  for  the  (conversion  wa^s  10-inch  Rodman  gun  No.  16, 
manufactured  at  the  South  Boston  Founderv,  and  inspected  and  proved 
in  ISlk"). 

The  mechanical  tests  of  the  metal  emjdoyed  gave  the  following  results: 

DeiiHity 7.22? 

Tenacity,  ])onn(l8  iht  H(iuare  inch 31,  315 

The  tube  was  made  of  2".25  coiled  Ulster  tulx'-iron;  the  jacket  of  coiled 
Ulster  tube-iron  4".00  by  3".3o,  and  its  rear  section  of  a  forging  lix)in 
scrap  of  the  same  iron ;  the  breech-plug  of  gun-metal. 

The  following  results  were  obtained  by  mechanical  tests  of  the  iron 
used.  The  specimens  of  the  bar-iron  were  taken  from  the  bar  and  with 
the  til>er. 


SpecinieuH. 


1.  Fi-om  2".r»  bar  \  «,„,^ 

2.  From  2".5  bar  5 

3.  Fi-om  4".(K)  X  a".35  bar 


Inehet. 
0.  IWQo 
0.19635 
0.1963 
0.1971 


4.  From  4".00  x  1^^  bJr"  \  <-«"«l  ^^^^'^^  ^^  ^^^^^^ 

5.  Taken  fnnii  hoUcI  forfrfutf .  ivar  neotions  of  jacket '    0.  IWSHit 

6.  Takoii  from  canting,  bitH-cb-plnjj I    1. 112 


7.3426 


Pounda. 
51, 925 
46,8.S5 
46,853 
48,698 
49, 402 
29.221 


c  *«  Z 

_« 

Inches, 
0.280 
0. 252.') 
0,300 
0.3168 
0.2626 


The  tube  was  made  in  the  usual  manner  in  four  sections.  The 
jacket  was  made  in  three  sections,  the  rear  one  from  the  solid  forging. 
When  ])repared  for  welding,  the  rear  se(*tion  was  22".5  long  and  bored 
to  (>";  the  middle  section  \M"  long,  and  bored  for  one-half  its  length  to 
(V,  for  the  other  (the  front)  half  to  9".r);  the  front  section  was  82" 
long  and  bored  to  IV'..!.  After  welding,  the  jacket  was  cut  to  a  length 
of  abcmt  00",  in  such  manner  as  to  throw  the  joint  between  the  forged 
and  coile<l  sections  at  a  distance  of  40",2.")  Unnw  the  front  of  the  jacket. 

After  the  tube  had  been  bored   imt,  tittcd  with   a   breech-cup,  and 
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turned  down  to  receive  the  jacket,  and  the  latter  bored  to  a  diameter 
about  (y'.005  less  than  the  corre8iK>nding  diameter  of  the  tube  and 
rough-turned  to  a  diameter  slightly  in  excess  of  its  greatest  finished 
dimensions^  both  were  proved  with  water  (120  pounds  to  the  square 
inch).  The  jacket  was  left  about  J  inch  shorter  than  the  tube  where 
turned  down  to  receive  it,  to  iusiu^  contact  between  the  base  of  the 
tube  and  the  corresponding  shoulder  of  the  jacket  when  united  by 
shrinking. 

To  prevent  the  jacket  from  turning  upon  the  tube  during  the  operation 
of  screwing  the  two  into  the  threads  prepared  for  them  in  the  casing^ 
two  dowels  were  screwed  into  the  base  of  the  tube,  which  were  designed 
to  fit  into  corresi)oiiding  recesses  in  the  shoulder  of  the  jacket.  To  in- 
sure this  fit,  which  must  be  accomplished  during  the  operation  of 
shrinking,  the  screw-threads  for  the  dowels  in  the  base  of  the  tube  were 
tapped  through  holes,  in  a  steel  templet,  which  was  so  shaped  on  its 
two  faces  as  to  fit  the  base  of  the  tul)e  and  the  fac^  of  the  shoulder  of 
the  jacket.  The  recesses  in  the  jacket  were  then  bored  through  the 
same  holes  in  the  same  templet. 

The  jjicket  was  then  shnuik  ou  to  the  tube,  and  after  cooling,  the  for- 
wartl  joint  between  the  two  was  found  to  be  close<l  to  within  0.03  of  an 
inch.  The  joint  was  subsequently  closecl  on  the  exterior,  by  crowding 
into  it  metal  from  a  lip  left  for  the  purpose  on  the  tube. 

The  exteriors  of  the  tube  and  jacket  were  then  turned  to  diameters  as 
nearly  approaching  those  of  the  larger  and  smaller  portions  of  the  cast- 
iron  boily  as  was  compatible  with  tlieu'  insertion  by  mechanical  means, 
and  a  screw-thread  was  cut  upon  the  base  of  the  jacket  to  correspond 
to  that  cut  in  the  breech  of  the  casing. 

The  tube  and  jacket,  as  a  whole,  were  then  inserted,  forced  do\TO  in 
the  casing,  and  screwed  home  into  position  by  means  of  levers,  after 
which  the  muzzle-collar  was  screwed  in  and  the  steel  pin  inserted. 

Table  Xo.  1  shows  the  relative  diameters  of  the  tube  and  jacket  and 
of  the  bore  of  the  casing. 

INSPECTION. 

Careful  inspections  were  made  of  every  detail  incident  to  the  con- 
struction, and  the  gun,  after  completion,  finally  inspected,  accepted  as 
satisfactory,  and  shipped  to  Sandy  Hook  for  powder-proof. 

PRINCIPAL  DIMENSIONS. 

Length  of  bore 120         inches. 

Length  of  tube 120         inches. 

Leiiffth  of  jacket  over  tnbe 43         inches. 

Total  lenffth  of  finished  tube 136.66    inches. 

Interior  tuameter  of  jacket 10.50    inches. 

Exterior  diameter  of  tube  under  jacket 10..'i07  inches. 

Diameter  of  finished  tube  from  screw-thread  to  first  shoukler 14.712  inches. 

Corresponding  diameter  of  bore  of  casing 14.714  indies. 

Diameter  of  finished  tube  from  firat  slioulder  to  second  shoukler 13.494  inches. 

Corresponding  diameter  of  l)ore  of  casing 13.498  inches. 

Diameter  of  finished  tul)e  frtmi  second  slioulder  to  thinl  shoulder 11.4Hi>  inches. 

Corresimnding  diameter  of  bore  of  casing 11 .494  inches. 

Diameter  of  finished  tul>e  from  thinl  shoulder  to  neck 1(>.4K)  inches. 

CoiTesponding  diameter  of  bore  of  casing 10.495  inches. 

Number  of  lands  and  grooves 15 

Width  of  lands  and.griK)ves 0.8377G  inch. 

Dejith  of  gr(M)v<*s .075       inrli. 

Twist  uniform,  one  turn  in  40  iWt. 

"Weight  of  gun 16,(hJ<>  imhuhIs. 

Counter-preponderance IK)  pouiuN. 
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Table  No.  1. 


RtHaiive  diameterB  of  hore  ofcast-iroH  body  of  lO-inchguH  and  wrought-iron  tube  for  insei  tion 

therein  at  different  points  of  the  cylindrical  length. 
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10.500 

10.400 

0.010 

81 

13.  504 

13. 495 

.009 

H 

10.500 

10.490 

.010 

82 

13.  500 

13.  495 

.005 

10 

10.  .jOO 

10.490 

.OM 

83 

13.  501 

13.  495 

.006 

12 

10.  500 

10.400 

.010 

84 

13.  501 

13.495 

.006 

14 

10.  500 

10.490 

.010 

a-> 

13.  .'Wl 

13.  495 

.UOC 

16 

10.500 

10.400 

.010 

86 

13.  501 

13.  495 

.WW 

18 

10.500 

10.490 

.010 

87 

13.  500 

13.  405 

.005 

20 

10.400 

10.490 

.009 

88 

13.  500 

13.  495 

.  (K>5 

22 

10.497 

10. 489 

.008 

89 

13.499 

13. 495 

.(M)4 

24 

10.496 

10. 489 

.007 

90 

13.499 

13.496 

.003 

26 

10.  495 

10.  488 

.007 

91 

•13.498 

13. 494 

.004 

28 

10. 495 

10.480 

.006 

92 

13. 408 

13.494 

.004 

30 

10. 496 

10.489 

.007 

93 

13.408 

13.494 

.004 

32 

10.494 

10.489 

.005 

94 

\X  498 

13.494 

.004 

U 

10. 495 

10.489 

.006 

95 

13.408 

13.494 

.004 

36 

10. 495 

10.489 

.006 

96 

13.498 

13.494 

.004 

38 

10. 405 

10. 489 

.006 

97 

13.  498 

13.494 

.004 

40 

10.  495 

10.488 

.007 

98 

1^498 

13.494 

.004 

42 

10. 495 

10. 489 

.006 

90 

13.498 

13.494 

.004 

44 

10.495 

10. 480 

.006 

100 

13.498 

13.494 

.004 

46 

10. 495 

10.480 

.006 

101 

13.498 

13.494 

.004 

48 

10. 495 

10.489 

.006 

102 

13.498 

13.494 

.004 

50 

10.495 

10.  489 

.006 

103 

13.498 

13.494 

.004 

52 

10.495 

10.489 

.006 

104 

13.497 

13.494 

.003 

54 

10.496 

10.489 

.007 

105 

13.497 

13.494 

.003 

56 

10.495 

10.490 

.005 

106 

13.497 

13.494 

.003 

58 

10.495 

10.490 

.005 

107 

13.497 

13.495 

.002 

60 

10.495 

10.490 

.005 

108 

13.497 

13.495 

.002 

62 

10.406 

10.490 

.006 

109 

13w497 

13.495 

.002 

64 

10.496 

10.490 

.006 

110 

13.497 

13.495 

.002 

66 

10.406 

10.490 

.006 

111 

13.497 

13.495 

.002 

68 

10.495 

10.490 

0.005 

112 

13.497 

13.494 

.003 

113 

13.497 

13.496 

.001 

69 

11.494 

11.489 

0.005 

114 

13.497 

13.496 

0.001 

70 

11.494 

11.489 

.005 

71 

1L494 

11.489 

.005 

115 

14.712 

14  712 

0.000 

72 

11.494 

XL  489 

.005 

116 

14. 712 

14  712 

.000 

73 

11.493 

11.489 

.004 

117 

14  712 

14  712 

.000 

74 

1L494 

1L488 

.006 

118 

14.712 

14  712 

.000 

75 

11.494 

11.489 

.005 

119 

14  713 

14  712 

.001 

76 

11.494 

11.489 

.006 

120 

14  714 

14  712 

.002 

77 

11.494 

11.488 

0.006 

121 

14  714 

14  711 

.003 

122 

14  714 

14  712 

.002 

80 

13.508 

13.495 

0.013 

123 

14  714 

14  707 

i 

0.007 
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APPENDIX  R3. 

• 

CONSTRUCTION  REPORT  OF  AN  8-INCH  BREECH  -  LOADING  RIFLE,  CON- 
VERTED FROM  A  10-INCH  RODMAN  SMOOTH-BORE  BY  LINING  WITH  A 
STEEL-JACKETED,  COILED,  WROUGHT-IRON  TUBE,  INSERTED  FROM  THE 
BREECH,  JACKET  OF  THE  TUBE  BEING  PROLONGED  TO  THE  REAR  AND 
ADAPTED  FOR  RECEFPION  OF  THE  ROUND  WEDGE  FERMETURE. 

(Five  plates.) 

PRELIMINARY  REMARKS. 

« 

The  Board  on  Heavy  Eifled  Ordnance  instituted  by  the  War  Depait- 
ment  under  the  act  of  Congress  of  June  6,  1872,  for  the  selection  of 
breech-loading  and  muzzle-loading  rifled  ordnance  for  experiments  and 
tests,  in.  submitting  its  recommendations,  designated,  among  others,  a 
Knipp  breech-loading  system  for  procurement  by  the  United  States, 
pla<5mg  it,  among  breech-loaders,  first  on  the  list  in  order  of  merit. 

The  recommendations  of  the  board  were  only  carried  out  at  the  time, 
as  far  a^i  breech-loading  guns  were  concerned,  by  the  fabrication  of  the 
Thompson  and  Sutclifl'e  rifles,  which  latter  now  await  the  appropriation 
of  funds  by  Congi'ess  for  the  prosecution  of  experiments  with  them. 

The  test  of  a  system  embmlying  the  round-wedge  fermetiu'e  (Kiiipp 
l)attern)  as  a  breech  mechanism,  was  delayed  at  the  time  (other  systems 
taking  precedence),  and  the  department  was  only  able,  dming  the  last 
year,  to  undertake  and  cause  to  be  fabricated  as  a  convei*sion,  an  8-inch 
breech-loadiug  rifle  (with  round-wedge  fermeture),  by  the  alteration  of  a 
10-inch  suiooth-bore,  and  thus  practically  cany  into  eftect  the  recom- 
mendation of  the  Board  on  Heavy  Ordnance  of  1872,  looking  to  the  test 
of  a  system  of  breech-loading  regarded  by  it  as  promising  superior 
I'esults  to  all  others  presented  for  its  consideration  and  action. 

The  details  of  the  breech  mechanism  being  well  known,  the  main 
question  was  to  devise  a  system  of  giui  constiiiction,  involvhig  the  util- 
ization of  a  cast-iron  gini  and  combining  with  it  a  steel  breech-piece  in- 
serted at  the  rear^  fiiniishing  a  strong  and  pi'oi)er  support  for  the  breech- 
block, and  i)ro\iding  an  aperture  to  receive  and  work  in  it  the  latter. 

The  longitudinal  weakness  (for  want  of  metal)  which  would  evi- 
dently attain  if  we  attempted  to  form  an  aperture  in  the  breech  of  a 
cast-iron  gun  to  receive  the  breech  fermetm^e ;  also  the  inherent  weak- 
ness of  cast  iron  to  stand  the  strains  and  jar  of  firings ;  also  the  mate- 
rial shortening  of  the  bore  which  would  result,  conclusively  led,  with 
other  considerations  in  the  planning  of  this  conversion,  to  the  use  of 
a  steel  breech-piece  extending  beyond  and  to  the  rear  of  the  cast-iron  body, 
Hujfficient  to  receive  and  work  in  it  a  icell-proportioned  and  sufficiently  strong 
fermeture. 

The  important  question  of  solidly  uniting  the  steel  receiver  of  the 
fermetiu*e  with  the  ciist-iron  body,  received  attentive  consideration.  It 
was  decided  that  a  screw-thread  of  the  same  form,  pitch,  and  dimensions 
as  that  employed  in  the  case  of  the  8-inch  muzzle-loader  breech  insertion 
would  (both  from  oiu'  calculations  and  the  successfid  results  attained 
with  the  latter  gun)  give  all  the  solidity  and  strength  that  could  i>ossi- 
bly  be  brought  into  recpiisition  in  service. 

To  insure  no  possibility  of  the  cast  iron  rupturing  from  the  longitu- 
dinal strains,  the  screw-thread,  it  was  deternnned,  shoidd  be  placed  upon 
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the  front  part  or  jacket  portion  of  the  breech-receiver.  This  extension 
not  only  affords  a  place  for  the  thread,  but  also  gives  additional  tangen- 
tial strength  to  the  system  by  supporting  the  wrought  iron  coiled-tube 
forming  the  interior  lining  of  the  gun.  The  tube  is  ftirther  tangen- 
tially  supported  by  that  portion  of  the  breech-receiver  rearward  of  the 
jacket  portion  which  finds  i>la(5<i  in  the  cast-iron  body,  and  extends  far 
enough  into  the  breech  to  nearly  or  cpiite  enveloj)  the  charge-chamber 
and  seat  of  the  shot ;  thus  affording  a  strength  more  than  adequate  to 
resist  the  great  strains  which  must  be  sustained  by  this  i)ortion  of  the 
giui.  The  enlargements  (rt^arward  of  jacket  jwrtion)  in  diameters  of  the 
breech-receiver  jjiece  also  provide  sutlicient  metal  to  resist  the  longitu- 
dinal and  jarring  strains  to  which  tlie  protruding  walls  of  the  breech- 
l>iece  are  subjec^ted  at  the  point  where  it  protrudes  from  the  cast-iron 
body.  The  protruding  portion,  it  will  lye  seen,  is  so  dimensionexl  as  to 
accommodate  the  fermeture,  and  have  all  the  requisite  strength  for  its 
functions. 

The  bore  tube,  it  was  decided,  should  be  made  of  coiled  wrought  iron 
on  account  of  tlie  decided  success  heretofore  attained  by  us  in  lining  guns 
with  coiled  tubes  constructed  of  this  metal. 

The  tube  is  shouldered  to  i)revent  any  forward  movement  of  the  tube, 
either  from  the  ])ressure  develoi)ed  at  the  seat  of  the  gas-check,  or  the 
strains  resulting  fix)m  the  thnist  of  the  projectile  developeil  by  the  fric- 
tion between  the  walls  of  the  gun  and  the  shot  in  firing. 

A  steel  band  it  was  deemed  advisable  should  l)e  shrunk  on  to  the  cast- 
iron  IxKly  at  its  breech  end,  to  give  julditional  tangential  strenth  to  the 
system,  and  also  to  give  a  better  finish  and  api>earance  to  the  gun. 

SrM3IARY. 

In  this  construction,  the  question  of  the  strength  of  the  system  to 
withstand  the  diff'erent  strains  which  it  will  l>e  subjectcil  to  in  service, 
it  is  thought,  has  been  fully  met.  The  coiled  wrought  iron  as  an  interior 
lining  tiilK*  secures  all  the  strength  and  extensibility  requisite  to  with- 
stand the  tangential  strains  developed  at  the  surface  of  the  bore,  using 
the  heaviest  battering  charges  for  the  caliber  employed,  and  the  dura- 
bility of  the  surface  of  tlie  bore  and  the  rifling — ^using  expanding 
systems  of  projectile — have  l)een  fully  proved.  The  disabilities  likely 
to  arivse  from  defective  coiled  welds  are  also  fully  met  by  shouldering  the 
tube. 

The  use  of  a  steel  breech-piece  secures  all  the  necessary  strength, 
in  providing  for  the  i*eception  and  working  of  a  practic^il  and 
thoroughly  digested  and  tested  system  of  breech  machanism,  and  also 
essentailly  and  materially  adds  by  it«  extension  into  the  body  of  the 
cast  iron — envelojiing  the  wrought-iron  tube  beyond  the  sjjace  of  danger- 
ous pressures — to  the  tangential  strength  of  the  system.  Tlie  cast-iron 
body  ))laying  a  se(X)ndary  pai't,  as  its  inferior  strength  demands,  finds  its 
interior  surfaces  so  placexl  or  distanc^ed  with  reference  to  the  strains  de- 
veloped at  and  along  the  bore  as  to  be  far  within  their  capacities  for 
endurance,  and  its  thickness  of  walls  gives  all  the  necessary  additional 
strength  required  to  complete  the  system  of  constniction,  save,  i)erhaps, 
the  reinforce  aftbnled  by  the  steel  band  at  the  seat  of  the  charge. 

The  utilization  of  cast-iron,  it  is  believed,  will  maferiaUy  diminish  the 
expense  of  breech-loading  cannon  of  heavy  calil^ers,  using  the  round 
wedge  fermetiue,  now  so  costly  in  their  fabrication,  and  will  enable  us  to 
secure,  and  within  the  mechanical  resources  of  our  own  country',  desim- 
ble  and  necessary'  breech-loading  armaments  of  all  desirable  calibei-s,  for 
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oiir  coaBt  defenses  at  moderate  outlays,  and  having  all  the  essential 
features  of  durability  and  strength  found  in  the  more  expensive  system 
of  the  same  kind  now  used  by  most  of  the  principal  (continental)  powers 
of  Europe. 

A  full  and  special  description  of  the  gun,  as  actually  made,  will  be 
found  embodied  below  in  this  report. 

DESCRIPTION. 

Plate  I,  Fig.  2,  C  is  the  cast-iron  casing,  which  consists  of  a  10-inch 
Eodman  smooth-bore  gim,  cut  off  at  the  breech  to  a  length  of  123.25 
inches,  and  bored  up  to  the  i-equisite  diameters  to  receive  the  tube  A 
with  its  jacket  B,  which  is  inserted  at  the  breech. 

The  tube  is  ma<le  of  coiled  wrought  iron  and  is  of  equal  length  with 
the  casing.  It  is  re-enforced  at  the  bi-eech  end  for  a  distance  of  40 
inches  bj^  a  steel  jacket,  which  is  united  with  it  by  shrinkage.  The 
breech  of  the  jacket  is  prolonged  24  inches  to  the  rear  of  the  casing  and 
tube,  and  is  fitted  for  the  reception  of  the  mechanism  of  the  breech 
fermetui'e. 

The  united  jacket  and  tube  are  inserted  in  the  casing  with  a  shrink- 
age of  0.006  inch  over  the  jacket,  while  the  tube  in  front  has  a  play  of 
about  the  same  amount.  They  are  held  in  position  by  the  thread  a  a 
and  the  muzzle-collar  2»,  also  the  shoulder  c  c. 

The  breech  of  the  casing  is  re-enforced  by  the  steel  breech-band  D, 
which  is  put  on  under  a  shrinkage  of  0^^.03  and  secured  by  the  pin  h. 

The  breech  mechanism  works  in  a  slot  cut  in  the  prolongation  of  the 
steel  jacket  to  the  rear  of  the  casing  and  tube,  and  is,  in  all  its  essen- 
tial features,  the  same  as  that  used  in  the  Erupp  breech-loading  guns 
of  heavy  caliber. 

The  steel  breech-block  E  is  constructed  on  the  sliding  wedge  system, 
and  is  cylindro-imsmatic  in  fonn.  The  front  face  of  the  block  is  per- 
pendicular to  the  axis  of  the  bore,  while  the  rear  or  cylindrical  portion 
is  inclined  1^  15'.  The  movement  is  regidated  by  the  two  guides  g  g 
in  the  slot,  which  work  in  corresponding  grooves  in  the  block,  and  are 
constructed  piU'uUel  to  the  axis  of  its  cylindrical  i)ortion. 

The  front  of  the  block  is  hollowed  out  for  the  reception  of  a  hardened 
disk  e,  called  the  obturator-plate.  This  plate,  when  the  breech  is  clos^, 
abuts  against  the  gas-check//,  which  consists  of  a  Broadwell  ring  in- 
serted in  a  recess  at  the  rear  of  the  tube. 

Plate  II. — The  breech-block  is  fitted  to  receive  the  different  pieces  of 
mechanism  required  for  working  it.  These  consist  of  the  lockiug-i)late 
fl,  tlie  translating  screw  &,  and  the  locking-screw  c,  with  its  nut  d.  The 
lo<*king-plate  is  attached  by  screws  to  the  left  side  of  the  breech-block. 
The  translating  screw  is  located  in  a  longitudinal  groove  in  the  upper 
surface  of  the  block,  and  is  secured  in  position  by  bearings  at  each  end. 
It  works  in  the  half  nut  e  which  is  attached  to  the  breech-receiver  by  a 
screw. 

The  locking-screw  and  its  nut  are  located  in  a  cylindrical  rec«ss  at  the 
rear  of  the  block  and  next  to  the  locking-i>late.  The  neck  of  the  screw 
passes  through  and  turns  in  a  hole  in  the  locking-plate,  and  the  opposite 
end  in  a  recess  in  the  breech-block.  The  nut  is  made  about  one-half  an 
inch  shorter  than  the  recess,  which  allows  it  a  motion  of  translation 
along  the  screw  for  that  distance.  At  the  end  of  the  nut  next  to  the 
lockmg-plate  is  attached  a  stud,  which  limits  its  rotary  motion  with  the 
screw  to  one-third  of  a  turn.  On  the  exterior  surface  of  the  nut  are  four 
rhigs  or  circular  threads ;  the  one  next  to  the  l€K^ing-plate  is  complete, 
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while  the  others  are  partially  sheared  off.  Wlieu  the  breech  is  iiearly 
closed  tlie  sheared  threads  lock  into  the  indentations  ggg^,  and  the  com- 
plete one  enters  the  recess  /.  In  withdrawing  the  block  the  sheared 
portion  of  the  nut  is  brought  to  the  rear. 

The  two  screws  are  worked  in  turn  bv  the  lever- wrench  C. 

To  close  the  breech,  the  wrench  is  placed  ui)on  the  head  of  the  trans- 
lating-screw  and  the  block  run  in  until  the  uncut  thread  of  the  locking- 
nut  conies  to  a  bearing  in  its  recess,  and  brings  the  movement  to  a  stop. 
The  wrench  is  then  shifted  to  the  lockhig-screw ;  for  one-third  of  a  turn 
the  screw. and  nut  turn  togetht^r,  and  the  partially-sheared  threads  of  the 
nut  lock  into  their  corresponding  recesses  on  the  breech-receiver.  The 
movement  of  the  init  is  then  stopped  by  it«  stud,  while  the  movement  of 
the  screw  continues,  and  by  bringing  the  threads  of  the  imt  to  a  tirm 
bearing  on  the  faces  of  their  recesses  on  the  breech-receiver  forties  the 
block  into  the  slot  until  it  is  firmly  wedged,  and  the  breech  thus  fully 
closed. 

To  open  the  breech  the  locking-screw  is  turned  in  the  opposite  direc- 
tioUj  and  by  carrying  tlie  nut  with  it  for  one-third  of  a  turn  the  unlwk- 
ing  IS  effected.  The  nut  is  brought  to  a  stop  by  the  stud,  as  before,  the 
uncut  thread  comes  to  a  bearing  against  the  face  of  its  recess,  and  the 
block  is  drawn  out  until  the  nut  is  reached  by  the  end  of  the  screw.  The 
remainder  of  the  movement  is  then  effected  by  the  translating-screw. 

The  outward  movement  of  the  block  is  limited  bv  the  chain  h  (Plate 
1,  Fig.  3). 

Plate  III  shows  side  elevation  of  gun  (breech  closed  ready  for  tiring), 
and  plan  of  gun  (breech  open  ready  for  loading). 

KIPLING,  CHAMBERING,  AND  VENTING. 

The  gun  is  rifled  with  fifteen  lands  and  groove.^  each,  of  ecpuil  width. 
The  lands  are  connected  with  the  chamber  by  a  bevel  1".5  in  length. 

Depth  of  riliing 0.075     iucli. 

Width  ot  hiiuLs  and  j^rooves 0.J^II776  inch. 

Twist  nniform,  one  turn  in  40  feet. 

The  chamber  is  22  inches  in  length,  and  equal  in  diameter  to  the  bore 
across  the  grooves.  It  has  a  capacity  for  a  maximum  charge  of  35 
l)ounds  of  powder. 

The  vent  is  located  in  the  breech-block,  in  such  a  position  as  to  be  in 
the  axis  of  the  bore  when  the  breech  is  closed. 

FABRICATION. 

The  work  of  conversion  was  performed  at  the  South  Boston  Foundery. 
The  gun  selected  for  the  casing  wa«  a  10-inch  Eodnmn  smooth-lwre  gun 
No.  11,  made  at  the  same  foundery,  and  insi)ected  and  proved  in  1864. 

The  density  and  tenacity  of  the  metal  were  as  follows : 

Density 7 .245 

Tenacity :J4.359  pounds. 

The  wrought-iron  tube  wa*Ji  manufactuiH><l  at  the  West  Point  Foundery, 
from  Ulster  tube-iron,  4"  by  3".35.  It  was  made  in  four  sections,  which 
were  butt-welded  together  by  the  i)rocess  usually  employed  at  that 
foundery,  then  bored  to  8",  turned  to  an  exterior  diameter,  slightly  in 
excess  of  that  re(iuii*ed,  and  subje(!ted  to  a  water-test  of  120  ])ounds  to 
the  square  inch. 

Specimens  of  the  iron  used  were  tested  with  the  following  results : 

Density 7.6550 

Tenacity 4H,010  pounds. 
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The  jacket,  breech-block,  and  breech-baud  were  mamifactured  at  the 
works  of  Sir  Joseph  Whitworth  &  Co.,  at  Manchester,  England,  and  are 
made  of  "fluid  compressed  steel." 

This  metal  is  subjected,  while  in  a  liquid  state,  to  a  heavy  pressure,  for 
the  puri)Ose  of  expelling  air-bubbles,  and  is  aftenvards  reheated  and 
hammered  to  seciue  uniformity  mid  regularity  of  structure.  Thorough 
tests  of  the  physical  j)ropertie8  of  this  metal  wei^e  made  from  specimens 
supplied  fi:x>m  Whitworth's  works,  together  with  others  taken  from  the 
jacket.    Tlie  results  are  given  in  the  record  hereto  appended. 

Specimens  taken  from  the  jacket  were  tested  for  density  and  tenacity, 
with  the  following  result* : 


I 


I  Inch.  I      Pounds. 

No.  1 1         7. 8491  0. 33592  118, 480     United  St«t€8  oitiiumce  ageiuv.  New  York. 

Xo.  2 7. 85C8  0. 33490  91, 370  1X». 


To  prepare  the  casing  for  the  reception  of  the  tube  and  jacket,  it  was 
bored  up  to  11  inches,  recessed  for  the  muzzle-collar,  and  cut  off  at  the 
breech  to  the  required  length.  It  was  then  counter-bored  from  the  bieech 
to  the  following  diameters,  viz :  for  56  inches  to  12  inches ;  for  40  inches 
to  16  inches;  for  18  inches  to  16.825  inches;  for  13.5  inches  to  20  inches; 
for  3.5  inches  to  22  inches. 

The  end  of  each  counter-bore  was  rounded  off  to  form  a  suitable 
shoulder,  and  a  thread  for  the  ja<iket,  i)A  inch  depth,  was  cut  upon  the 
16-inch  diameter.  The  exterior  was  then  turned  doAm  at  the  breech  for 
putting  on  the  steel  breech-band. 

The  interior  of  the  ja<?ket  was  boi*ed  up  to  the  required  diameters,  and 
the  slot  for  the  bi-eech  mechanism  drilled  out  and  finished  by  boring  and 
planing.  Tlie  tube,  meanwhile,  was  chambered,  rifled,  recessed  for  the  ga«- 
check,  and  the  exterior  turned  down  at  the  breech  end  to  an  average  diam- 
eter 0".003  in  excess  of  that  of  the  interior  of  the  jacket.  The  jacket  and 
tube  were  then  shrunk  together  by  heating  up  the  jacket  luitil  the  inte- 
rior was  sufficiently  expanded  to  receive  the  tube,  w^hich  was  lowered  in 
by  means  of  a  crane. 

TTie  exterior  of  the  jacketed  tube  was  next  turned  down  to  the  diame- 
ters given  in  table  No.  2. 

In  order  to  provide  for  the  longitudinal  expansion  of  the  casing,  which 
would  take  place  in  heating  it  up  for  the  insertion  of  the  jacketed  tube, 
the  shoulders  upon  the  jacket  were  finished  so  a«  to  allow  a  clearance 
large  enough  to  ob^iate  any  danger  of  contact  with  the  casing  before  a 
bearing  w^as  eff'ected  at  the  shoulder  on  the  wrought-iron  tube.  The 
screw-thread  was  turned  with  a  clearance  of  0".02  on  the  outer  siuface, 
and  0".12  on  the  surface  opposite  the  one  of  contact  with  the  casing. 

The  breech-block,  with  its  attachments,  was  finished  in  the  mean  time, 
and  fitted  into  the  slot  prepared  for  its  reception. 

The  breech-band  was  bored,  turned,  and  made  ready  for  shrinking  on 
to  the  casing. 

INSERTION  OF  THE  TUBE,  ETC. 

The  casing,  jacketed  tube,  and  breech-band,  being  ready  for  uniting 
by  shrinkage,  one  of  the  pits  used  in  the  casting  of  heavy  guns  was  ar- 
ranged for  heating  the  casing  by  i)lacing  four  furnaces,  with  a  ca]>acity 
of  about  400  pounds  of  coal  each,  at  equal  intervals  around  the  wall. 
These  iiunaces  rested  on  cast-iron  pillars,  which  raised  them  about  four 
feet  from  the  bottom. 
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Two  flues  were  proAided  for  furnishing  air  to  the  fumaees,  one  on 
either  side  of  the  pit,  with  branches  at  the  bottom  so  that  the  air  could 
be  delivered  directly  under  the  furnace-grates,  while  near  the  top  of  the 
pit  an  opening  was  made  and  connected  with  a  chimney  and  a  damper 
inserted  in  the  oi)ening,  by  means  of  which  the  draught  could  be  regu- 
lated. 

To  form  a  support  for  the  casing,  two  sections  of  gun-flask  were  placed 
one  above  the  other  in  the  center  of  the  pit,  and  the  upper  one  covered 
with  a  thick  cast-iron  i)late;  upon  this  plate,  a  hollow  cast-iron  cylinder 
of  suitable  dimensions  was  placed  to  form  a  rest  for  the  muzzle  of  the 
c  ising.  The  casing  was  placed  breech  upward  in  the  pit,  the  muzzle 
resting  on  the  cylinder,  and  was  securely  brace<l  at  the  trunnions. 

In  this  i)Osition,  the  breech  of  the  casing  was  almost  flush  with  the 
top  of  the  pit,  which  was  covered  with  a  large  plate  of  boiler-iron.  In 
the  center  of  this  plate  was  a  circular  hole  for  the  insertion  of  the  tube. 

A  moilei^ate  fire  was  kindled  in  the  furnaces  about  48  hours  before  the 
contemplated  time  of  insertion,  for  the  purpose  of  drying  the  pit,  which 
had  become  quite  damp  from  long  disuse.  •  About  40  hours  after  kind- 
ling, the  fires  were  replenished  to  the  full  capacity  of  the  furnaces. 

The  jacketed  tube,  meanwhile,  was  i)repared  ifor  insertion.  Water- 
caps  were  fitted  into  both  ends  of  the  wrought-iron  tube.  The  one  in- 
serted at  the  breech  was  provided  with  inlet  and  outlet  pipes  for  attach- 
ing hose,  for  the  purpose  of  turning  on  a  current  of  cold  water  in  case 
that  a  withdrawal  should  become  necessary.  A  cast-iron  "spider,"  or 
ring  with  handspike-sockets  on  the  exterior,  was  secured  to  the  breech 
of  the  jacket,  for  screwing  it  into  the  casing. 

The  temperature  of  the  casing  was  taken  at  various  intervals  and  the 
diameter  of  its  bore  measured.  About  half  an  hour  before  the  insertion 
was  attempted,  the  temperature  was  found  to  be  633o,  while  the  maxi- 
mum diameter  of  the  bore  had  increased  fix)m  22.005  inches  to  22.09 
inches.  The  length  of  the  casing  from  the  breech  to  the  forward 
shoulder  in  the  bore  was  found  at  the  same  time  to  have  increased  from 
55.98  inches  to  56.22  inches. 

The  diametrical  ex^^ansion  of  the  casing  now  being  considered  sufliicient 
to  effect  the  insertion  of  the  tube,  the  latter,  filled  with  cold  water,  was 
lowered  by  a  crane  into  the  bore  of  the  casing  until  the  threads  came  in 
contact.  Handspikes  were  then  placed  in  the  sockets  of  the  "si>ider^ 
and  the  tube  rapidly  screwed  home.  The  entire  operation  of  insertion 
was  accompUshed  without  difficulty  and  occupied  only  eight  minutes. 

The  covers  were  now  removed  from  the  pit,  the  fii^es  in  the  furnaces 
extinguished,  and  a  stream  of  water  was  tiuiied  upon  the  gun  to  hasten 
the  cooling.  When  it  had  returned  to  nearly  its  normal  temperature, 
the  breech-band  was  inclosed  in  a  sheet-iron  cylinder,  and  heated  by  a 
wood  fire  until  its  diameter  had  increased  about  0.06  inch.  It  was  then 
raised  with  a  crane  by  means  of  hooks  which  clasped  its  forward  end, 
swung  round  until  directly  over  the  gun,  and  lowered  to  its  place  upon 
the  breech  of  the  casing.  It  was  then  cooled  by  a  stream  of  water,  and 
a  hole  was  bored  for  the  securing-pin,  which  was  inserted  in  its  place. 

The  gun  was  then  removed  from  the  pit,  the  muzzle-collar  was  fitted 
and  screwed  home,  and  the  muzzle  faced  and  finished  in  a  lathe. 

This  substantially  completed  the  fabrication  of  tlie  gnn. 

INSPECTION. 

The  workmanship  and  finish  of  the  gun  were  good  in  every  respect. 

FBINOIPAX.  BDSENSIONS. 

Total  length  of  gun 147.'S5       inches. 

Length  of  caat-iron  casing „ 123.25       inches. 
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Length  of  wrou^ht-iron  tube 123.25  inches. 

Length  of  steel  lacket 64  inches. 

Length  of  breech-band 15  inches. 

Exterior  diameter  of  breech-band  \  "f.'i'"'"'" ^-IS  IZ^Tj 

( minmiiim ti5.05  inclies. 

Interior  diameter  of  breech-band 30.97  inches. 

Ext'erior  diameter  of  casing  under  breech-band 30.99  inches. 

Length  of  neck  of  tube 5.50  incites. 

Length  of  uiuzzle-coUar 5.50  inches. 

Diameter  of  neck  of  tube 9.94  inches. 

Interior  diameter  for  muzzle-collar 9.94i:J  inches. 

Length  of  recess  for  muzzle-collar 6  inches. 

Diameter  of  recess  for  muzzle-collar 1 1.765  inches. 

Diameter  of  muzzle-collar  across  threads 11.756  inches. 

Length  of  rifled  portion  of  bore,  including  bevel 101.25  inches. 

Length  of  chamber 22  inches. 

Diameter  of  )>ore  across  lands 8.00  inches. 

Diameter  of  chamber 8.15  inches. 

Width  of  lamU 0.83776  inch. 

Width  of  gnioves 0.83776  inch. 

Dejrth  of  ritling 0.075  inch. 

Twist  of  rifling)  one  turn  in 40  feet. 

Length  of  bre4»ch-block 23.5  feet. 

Width  of  breech-block 10  feet. 

Thickness  through  center 13.5  feot. 

Width  of  slot  for  breech-block 10.05  feet. 

Length  of  translatin^-screw 25.5  feet. 

Diameter  of  traiiBlating-screw  across  threads 1.5  feet. 

Length  of  locking-screw 10.7  feet. 

Diameter  across  threads 2.75  feet. 

Length  of  locking-nut 5.75  feet. 

Diamet4.*r  across  uncut  thread 6.75  feet. 

Weight  of  gun 17,075  pounds. 

Preponderance 420  i)ound8. 

The  giiiK  when  finished,  was  sent  to  the  pro\ing-ground  at  Sandy 
Hook,  X.  J.,  for  trial. 


Table  No.  1. 

Helathr  diameters  of  the  interior  of  the  steel  jacket  and  that  portion  of  the  wrought-iron  tube 

over  which  it  teas  shrunkj  Q-inch  breech-loading  converted  rifle. 


^ 

w 

b 

■»» 

h 

1- 

It 

f 

is 

§w 

^ 

& 

^ 

*»-.5 

Sr 

s  . 

^Jc 

B*i 

S   • 

s 

• 

c 
a 
t 

p 

1     . 

a 

1-* 

P4 

s 

ft 

// 

It 

It 

// 

39 

12.038 

12.040 

0.002 

10 

12.043 

12.046 

o.oa3 

3S 

12.  040 

12.  043 

.008 

18 

12.042 

12.046 

.004 

37 

12.042 

12.043 

.001 

17 

12.043 

12.046 

.003 

36 

12.043 

12.044 

.001 

16 

12.043 

12.046 

.003 

35 

12.043 

12.  044 

.001 

15 

12.043 

12.046 

.003 

34 

12.043 

12.046 

.003 

14 

12.043 

12.046 

.003 

33 

12.043 

12.046 

.003 

13 

12.043 

12.046 

.003 

32 

12.043 

12.046 

.003 

12 

12.043 

12.046 

.003 

31 

12.043 

12.046 

.003 

11 

12.043 

12.046 

.003 

30 

12.043 

12.046 

.003 

10 

12.043 

12.046 

.003 

*29 

12.043 

12.046 

.003 

9 

12.044 

12.046 

.002 

2H 

12.043 

12.046 

.003 

8 

12.044 

12.046 

.002 

27 

12.043 

12.046 

.003 

7 

12.044 

12.046 

.002 

26 

12.043 

12.046 

.003 

6 

12.045 

12.046 

.001 

2.5 

12.042 

12.046 

.004 

5 

12.045 

12.046 

.001 

24 

12.042 

12.046 

.004 

4 

12.045 

12.046 

.001 

23 

12.043 

12.046 

.003 

3 

12.045 

12.046 

.001 

22 

12.042 

12.046 

.004 

2 

12.045 

12.050 

.005 

21 

12.042 

12.046 

.004 

1 

12.045 

12.050 

.005 

20 

12.040 

12.046 

.006 
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Table  No.  2. 

Jielative  diameters  of  the  inteiior  of  the  cast-iron  casing  and  exterior  of  the  united  tube  and 
Jacket  for  insertion  tlierein^  S-ineh  breech-loading  converted  rifle. 


N 


I 


6 
8 
10 
12 
14 
16 
Ig 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
04 
66 


c  s 

£ 


11.004 
11.004 
11.004 
11.004 
11.003 
11.003 
11.003 
11.003 
11.003 
11.003 
1L003 
11.003 
11.003 
11.003 
11.003 
11.003 
11.003 
11.  003 
11.003 
11.003 
11.  003 
11.003 
11.003 
11.003 
11.003 
11.003 
11.002 
11.  002 
11.002 
11.002 
11.001 


68 

11.985 

69 

11.980 

70 

11.988 

71 

11.989 

72 

11.989 

73 

11.989 

74 

11.989 

75 

11.989 

76 

11.988 

77 

11.988 

78 

11.988 

79 

11.988 

80 

11.988 

81 

11.987 

82 

11.987 

83 

11.987 

s 

as  • 


£  © 


II 

10.995 
10.  995 
10.995 
10.995 
10.995 
10.  995 
10.995 
10.995 
10.995 
10.995 
10.  995 
10.995 
10.995 
10.  995 
10.995 
10.  995 
10.995 
10.995 
10. 995 
10.995 
10.995 
10.995 
10.995 
10.  99.') 
10. 995 
10.  095 
10.  995 
10.995 
10.995 
10.  995 
10.995 

11.979 
11.979 
11.979 
11.979 
11.979 
11.979 
11.979 
11.979 
11.979 
11.979 
11.979 
1L979 
11.979 
11.979 
11.979 
11. 979 


0.009 
.009 
.009 
.009 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.008 
.007 
.007 
.007 
.007 
.006 

0.006 
.010 
.009 
.010 
.010 
.010 
.010 
.010 
.009 
.009 
.009 
.009 
.009 
.008 
.008 
.008 


/# 

87 

88 

89 

90 

91 

92 

93 

94 

95 

90 

97 

98 

99 

100 

101 

102 

103 

104 

105 
106 
107 
108 
109 

110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

121 
122 
123 


9 


II 

15.980 
15.994 
15.994 
15.994 
15.994 
15. 904 
15.994 
15.994 
15.994 
15.  994 
15. 995 
15.995 
15.  995 
15.  995 
15.  99.') 
15.  995 
15. 995 

15.  995 

16.829 

16.827 
16.827 

16.  827 
16.  828 

20.  002 
20.  003 
20. 005 
20.  005 
20.  005 
20.  005 
20.  005 
20.005 
20.005 
20. 005 

21.997 
21. 997 
21.997 


§ 


1&005 
16.005 

iaoo5 

16.005 
16.005 

moo5 

16.005 
16.005 
16.005 
16.005 
16.005 
16. 005 
16.005 
16.005 
16.  005 
16.  005 
16.005 
16.005 

16.  834 
16.834 
16.834 
16.8:M 
16.834 

20.  012 
20. 012 
20.  012 
20.  012 
20.012 
20.  012 
20.  012 
20.012 
20.  012 
20.012 

22.005 
22. 005 
22.005 


a 


// 
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RECORD  OF  PRELIMrN^ARY  TESTS  OF  WHITWORTH'S  FLUID- 

COMPRESSED  STEEL. 

Appended  I. 

8-INCH  BREECH-LOADING  RIFLE. 
Mean  mechamcal  properties  of  WhitworWs  fluid-compresaed  steel. 


Density 

TenaciW 

Elastic  limit  under  palling  stress 

Ultimate  resistance  to  pullins  stress 

Extension  per  inch  at  elastic  limit 

Ultimate  extension  per  inch 

Ultimate  restoration  per  inch 

Ultimate  permanent  set  per  inch 

Elastic  limit  under  thrusting  stress 

Specimen  began  to  bend  at 

Compression  per  inch  at  elastic  limit — 
Compression  per  inch  at  40, 000  pounds  . . 
Restoration  per  inch  at  40,000  pounds  . . . 
Permanent  set  per  inch  at  40,000  pounds 

Uaitlness 

Hardness  of  copper 


Specimen. 


Length. 


Inches. 


>      10 


I 


10 


Area. 


Sq.  in. 


0.65 


0.343 


LOOO 


7.855 
110,000 
38,500 
86,000 
^  0.00230 
^  0. 17500 
0. 00352 
0. 17149 
28,000 
42,000 
0.00158 
0.0049 
0. 01630 
0.0335 
16.230 
5.000 


pounds. 

pounds. 

pounds. 

inch. 

inch. 

inch. 

inch. 

pounds. 

pounds. 

inch. 

inch. 

inch. 

inch. 


Specimen  E,  No.  I. 

Table  shoming  the  extensiorij  restoration j  and  permanent  set  caused  by  the  undermentioned 
weights  per  square  inch  of  section  ^  acting  upon  a  solid  cylinder ^  10  inches  long  {between 
shoulders)  and  0".662  in  diameter^  taken  from  a  sample  bar  of  fluid-compressed  steel  6  inches 
square  by  22  inches  long^  furnished  by  Sir  Joseph  IVhitworth^s  Steel  Worksy  Manchester, 
England. 


^ 


Pounds. 

1,000 

2.  000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 


.£3 


0.00009 
.00009 
.00009 
. 00009 
.00012 
.00016 
.  00021 
.  00022 
.00023 
.00027 
.  00029 
.00031 
.00034 
.00037 
.00039 
.00040 
. 00046 
.00050 
.  00056 
.00062 
.  00071 
.  00081 
.00080 
.00092 
.00093 
.00096 
.00098 


u  u 

a  Si 

03 


0.00000 
.  00000 
.  00000 
.  00000 
.00003 
.00004 
.00005 
.  00002 
.00001 
.00004 
.00002 
. 00002 
.00003 
.00003 
.00002 
.00001 
.00006 
.00004 
.  00006 
.  00006 
.00009 
,  00010 
.  00008 
.00003 
.00001 
.  00003 
.00002 


.S 

S  s 


II 

0.00009 
.  00009 
.00009 
.00009 
.00012 
.00016 
.00021 
.00022 
.00023 
.00027 
.00029 
.00031 
.00034 
.00037 
.  00039 
.00040 
.  00046 
.00050 
.00056 
.00062 
.00071 
.00081 
.  00089 
.  00092 
.00093 
.00096 
.00098 


II 

0  o  ^ 
CO 


II 

0.00000 
.00000 
.00000 
.00000 
.00003 
.00004 
.00005 
.00002 
.00001 
.00004 
.00002 
. 00002 
.00003 
.00003 
.00002 
.00001 
.00006 
.00004 
.00006 
.00006 
.00009 
.00010 
.00008 
.00003 
.00001 
.00003 
.00002 


u 
P. 


o 


0.00000 
.00000 
.00000 
. 00000 
.00(H)0 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


II 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


367 


Specimen  J5,  No,  /—Continued. 


s. 

3  s 

JS 

5^ 

M 

i  0 

k 

ok*^ 

1 

1 

11 

I. 

C.O 

(4  fi 

ii 

1^ 

'  h. 

P 

Is 
IS 

0  fc* 

CO 

Found*. 

// 

It 

// 

// 

'I 

// 

28,000 

0.00100 

0.00002 

0.00100 

0.00002 

0.00000 

0.00000 

20,000 

.00107 

.00007 

.00107 

.00007 

.00000 

.00000 

30,000 

.00107 

.00000 

.00107 

.00000 

.00000 

.00000 

31,000 

.00112 

.00005 

.00112 

.00005 

.00000 

1    .00000 

32,000 

.00112 

.00000 

.00112 

.00000 

.00000 

.00000 

33,000 

.00117 

.00005 

.00117 

.00005 

.00000 

.00000 

34,000 

.00119 

.00002 

.00119 

.00002 

.00000 

1    .00000 

35.000 

.  00119 

.00000 

.00119 

.00000 

.00000 

.00000 

36,000 

.00119 

.00(K)0 

.00119 

.00000 

.00000 

.00000 

37.000 

.  00122 

.00003 

.  00122 

.00003 

.00000 

.00000 

38,000 

.00127 

.00005 

.  00127 

.00005 

.00000 

.00000 

39.000 

.  00130 

.00003 

.  00130 

.00003 

.00000 

.00000 

40,000 

.00142 

.00012 

.  00142 

.  00012 

.00000 

.00000 

41,  000 

.  00382 

.  00240 

.00140 

-.00002 

.  00242 

.  0O242 

42.  000 

.00547 

.00165 

.00155 

-f .  00015 

.  00392 

.  00150 

43,  000 

.  00634 

.  00687 

. 00177 

.00022 

.  00457 

.00065 

44.  000 

.00686 

.  000.52 

.  00176 

-.OOOOl 

.  00510 

.00053 

45,  000 

.  00762 

.00076 

.00107 

-.00037 

.  OO-IOS 

.  00085 

46,  000 

.  00882 

.00120 

.00130 

+.  00050 

.  oo7r>o 

.  00155 

47.  600 

.  00962 

.00080 

.00180 

-.00001 

.  00782 

.  00032 

48,  000 

.  01017 

.00055  ■ 

.00179 

+.00041 

.008;J8 

,    .000.56 

49.000 

.  01087 

.00050 

.  00220 

.00005 

.00857 

1    .  00029 

50,000 

.01197 

. 00110 

.  00225 

-.00004 

.00972 

1    .  00105 

51.000 

. 01276 

.00069 

.  00201 

.00011 

.01065 

.00093 

52. 000 

.01384 

.00118 

.  00212 

.00013 

.  01172 

. 00107 

53,000 

. 01422 

.00038 

.00125 

.00087 

.01297 

.00125 

54,000 

.  01572 

.00150 

.00217 

.00092 

. 01355 

. 00058 

55,000 

.01647 

.00075 

.00230 

.00013 

.  01417 

;    .00062 

56,000 

•.  01782 

.00135 

.00235 

.00005 

.01547 

. 0O13O 

57,000 

.01847 

.00055 

.00215 

-.00020 

.01632 

.00085 

58,000 

.01967 

.00120 

.00225 

+.00010 

.  01742 

.00110 

50.000 

.02150 

.00183 

.00233 

.00008 

. 01917 

.00170 

60,000 

.02242 

.00092 

.00267 

.00034 

.  01975 

.00058 

61,000 

.02407 

.00165 

.00255 

-.  00012 

.02152 

.00179 

62,000 

.02547 

.00140 

.00307 

.00052 

.02240 

.00088 

63,000 

.02697 

.00150 

.00285 

-.00027 

.02417 

1    .00177 

64,000 

.02932 

.00235 

.00310 

.00037 

.02622 

'    .00205 

65,000 

.03027 

.00095 

.00275 

-.00035 

.02732 

.00110 

66,000 

.03152 

.00125 

.00270 

-.00005 

.02882 

.00150 

67,000 

.03412 

.00260 

.00307 

•f.  00037 

.03105 

.00223 

68,000 

.03602 

.00190 

.00300 

-.00007 

.03302 

.00197 

69,000 

.03912 

.00130 

.00335 

+.00035 

.03577 

.00275 

70,000 

.94112 

.00200 

.00355 

.00020 

.03757 

.00280 

71,000 

.04433 

.00321 

.00299 

-.00056 

.04134 

.00377 

72,000 

.04652 

.00219 

.00334 

.00035 

.04318 

.00184 

73,000 

.05027 

.00375 

.00360 

.00016 

.04667 

.00349 

74,000 

.05767 

.00740 

.00370 

.00010 

.05397 

.00730 

75,000 

.06017 

.00250 

.00345 

-.00025 

.05672 

.00275 

76,000 

.06212 

.00195 

.00378 

+:  00033 

.05834 

.00162 

77,000 

.06942 

.  00730 

.00392 

.00014 

.06212 

.00378 

78,000 

.07429 

.00485 

.00397 

.00005 

.07032 

.00820 

79,000 

.  07982 

.00553 

.00425 

.00028 

.07557 

. 00525 

80,000 

.08573 

.00590 

.00850 

.00425 

.07222 

.00335 

81,000 

.09252 

.00680 

.00400 

-.00450 

.08852 

.00630 

82,000 

.09942 

.00690 

.00438 

+.00038 

.09504 

.00652 

83.000 

.  11132 

.01100 

.00540 

.00102 

.10.')02 

.01088 

84,000 

.  12112 

.00980 

.00680 

.00140 

.11432 

.00840 

85,000 

.  17012 

.05900 

.00560 

.00120 

.  17452 

.  06020 

86,000 

Specimen 

broke. 

GENERAL  SUMMARY. 

Specific  pjravity 7.8r)56 

Ultiniatt*  Htrength  per  wjuare  inch H6,000  pouii<ls. 

Elastic  limit 40,000  jMinnds. 

Extension  per  inch  at  rupture 0.17012  inch. 

Extension  at  elastic  limit 0.00142  inch. 

Hardness 16.2:^0 

Rednction  in  diameter  at  ]M)int  of  rupture 0.162      iuch. 

Ori^iujil  an*a  of  cross-section 0.IW4    square  inch. 

Area  afti'r  niiiture 0. 19<>4  square  inch. 

Position  of  rupture Central. 

Character  of  surface Crystals,  fine  and  sharp 
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Specimen  E,  No.  II. 

TahU  showing  the  extenHon^  restoration^  and  permanent  set  caused  by  the  nndeiinentioned 
weights  per  square  inch  of  section  acting  upon  a  solid  cylinder  10  inches  long  {between 
shoulders)  and  0".662  in  diameter,  t^ken  from  a  sample  bar  of  fluid-compressed  steel  ti 
inehes  square  by  22  inehes  long,  furnished  by  Sir  Joseph  fVhitwortWs  Steel  WorkSf  Man- 
chester, England. 


2 

^ 
& 

•^5 

n 

>  1  • 

II 

% 

■♦a  5 

St   " 

¥ 

©a 

11 

Z  u 

a 

H 

if 

Pounds. 

It 

II 

1,000 

0.00004 

0.00000 

0.0OOO4 

0.00000 

0.00000 

0.00000 

2.000 

.00013 

.00019 

.00013 

'    .00009 

.00000 

.00000 

3,000 

.00017 

.00004 

.00017 

.00004 

.00000 

.00000 

4,000 

.00018 

.00001 

.00018 

.00001 

.00000 

.00000 

5.000 

.00021 

.00003 

.00021 

.  00003 

,    .00000 

.00000 

6,000 

.00022 

.00002 

.00022 

'    .00001 

.00000 

.00000 

7,000 

.00029 

.00007 

.00029 

.00007 

.00000 

.00000 

8,000 

.00030 

.00001 

.000.30 

.00001 

.00000 

.00000 

9.000 

.00032 

.00002 

.00032 

.00002 

.00000 

.00000 

10,000 

.00037 

.00005 

.00037 

.00005 

.00000 

.00000 

11,000 

.00039 

.00002 

.00039 

.00002 

1    .00000 

.00000 

12,000 

.00040 

.00001 

.00040 

.00001 

.00000 

.00000 

13,000 

.00042 

.00002 

.00042 

.00002 

.00000 

.00000 

14,000 

.00044 

.00002 

.00044 

.00002 

.00000 

.00000 

15,  000 

.00046 

.00002 

.00046 

.00002 

1    .00000 

.00000 

16.000 

.00049 

.00003 

.0(MH9 

.00003 

.00000 

.00000 

17,000 

.00052 

.00003 

.00052 

.00003 

.00000 

.00000 

18.000 

.00054 

.00002 

.00054 

.00002 

.00000 

.00000 

19,000 

.00056 

.00002 

.00056 

.00002 

.00000 

.00000 

20.  000 

.00056 

.00000 

.000.56 

.00000 

.00000 

.00000 

21,  000 

.00057 

.00001 

.  00057 

.00001 

.00000 

.00000 

22.000 

.00061 

.00004 

.00061 

.00004 

.00000 

.00000 

23.000 

.00065 

.00004 

.00065 

.00004 

.00000 

.00000 

24.  000 

.00068 

.00003 

.00068 

.00003 

.00000 

.00000 

25. 000 

.00071 

.00003 

.00071 

.00003 

.00000 

.00000 

28,000 

.00072 

.00001 

.00072 

.00001 

.00000 

.00000 

27.000 

.00077 

.00005 

.00077 

.00005 

.00000 

.00000 

28,000 

.00079 

.00002 

.00079 

.00002 

.00000 

.00000 

29,  000 

.00084 

.  00005 

.00084 

.00005 

.00000 

.00000 

30,000 

.00087 

.00003 

1    .00087 

.00003 

.00000 

.00000 

31,000 

.00089 

.00002 

.00089 

.00002 

.00000 

.00000 

32,000 

.00092 

.00003 

.00092 

.00003 

.00000 

.00000 

33,000 

.00096 

.00004 

.00096 

.00004 

.00000 

.00000 

34.000 

.00099 

.00003 

.00099 

.00003 

.00000 

.00000 

35,000 

.  00101 

.00002 

.  00101 

.00002 

.00000 

.00000 

36,000 

.00106 

.00005 

.00106 

.00005 

.00000 

.00000 

37.000 

.00111 

.00005 

.00111 

1    .00005 

.00000 

.00000 

38,000 

.00162 

.00011 

.00009 

.00012 

.00023 

.00000 

39,000 

.00192 

,00070 

'    .00120 

.00021 

.00072 

.00049 

40,000 

.00504 

.00312 

.  001,56 

.00026 

.00348 

.00276 

41,000 

.00554 

. 00050 

. 00156 

.00001 

.00397 

.00049 

42,000 

.00615 

.00061 

.  00158 

1    .  00001 

.00457 

.00060 

43,000 

.00662 

.00057 

;    .00163 

.00005 

.00499 

.00042 

44.000 

.00767 

.00105 

.00173 

.00010 

.00594 

.00095 

45,  000 

.  00337 

.00070 

.00190 

.00017 

.00647 

.00053 

50.  000 

. 01257 

.00420 

.00197 

.00007 

.01060 

.00413 

55.  000 

.  01782 

.  00525 

;    .  00237 

.00040 

.01545 

.  00485 

60,000 

.  02400 

.00618 

.00269 

.  00032 

.  02131 

.00586 

65.  000 

.  03052 

.00652 

.  00272 

.oooaT 

.  02780 

.00649 

70.  000 

.  03847 

.00795 

. 00335 

.00037 

.  03.512 

.00732 

75,000 

.  0.">:J26 

.  01479 

1    .  00362 

.  00027 

1    .04964 

.  014:32 

80.  000 

.07668 

.  02342 

.  00411 

i    .  00049 

.  07251 

.  02287 

85,  000 

. 13980 

.Oft312 

.00418 

.  00(K)7 

.  13.562 

.06311 

80.  000 

. 17992 

.04012 

.00145 

1 

.  00273 

.17847 

.04283 

GEXKRAL   Sl'MMARY. 

Specific  gravity 7.8528 

L Itiniatt'  stiviigtli  per  square  iucli 8(),()<)0  poiiiuls. 

Elastic  limit .- :i8,(MK)  ikuiikIs. 

Ext<Misiou  jM'r  indi  at  rupture 0. 17l>l)2  iucli. 

Extcnsiou  at  da.stic  limit 0.00162  inch. 
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Hardness 16.230 

Reduction  in  diameter  at  point  of  rupture 0. 163     inch. 

Original  area  of  cross-section 0.342     square  inch. 

Area  aft«r  rupture 0.194     square  inch. 

Position  of  rupture Central. 

Character  of  surface Fine  silky. 


Specimex  No.  1. 

Table  showing  the  compresaianf  restoraUaHj  and  permanent  set  caused  by  the  undertneniioned 
v?eights  per  square  inch  of  se-ction  acting  upon  a  solid  cylinder  10  inches  long  and  I".  125 
ill  ttiaineteTy  taken  from  a  sample  bar  of  ftuid-compressed  steel  6  inches  square  by  22  inches 
long,  furnished  by  Sir  Joseph  WhitwortVs  Steel  Works,  Manchester,  England, 


a 

S 

to 

*S 


Pounds. 

1,000 

2.000 

3,000 

4.000 

5,000 

G.OOO 

7,000 

8,U00 

»,U00 

lU.  000 

11,000 

1-2,000 

13, 000 

14.000 

15,000 

16,000 

17.000 

18,000 

10,000 

20,  000 

21.000 

2'2,  000 

23,000 

24.  000 

25.  000 
20.  000 
27.000 
•J^  000 
20.  000 

:io.  000 

'M\  000 
40,  000 
44,000 


Conipremion  ner  inch  in 
leugtn. 

SS. 

Rentoration  per  inch  In 
length. 

§. 

IS 

^a 

Permanent  set  per  inch 
in  length. 

la 

0  % 

0.00011 
.00023 
.00028 
.00040 
.00046 
.00049 
.00052 
.00059 
.00060 
.00066 
.00071 
.00074 
.00078 
.00081 
.00085 
.00088 
.00092 
.00097 
.00101 
.00106 
.00109 
.00117 
.  00126 
.  00128 
.00130 
.00135 
.00140 
.00143 
.00148 
.00155 
.00182 
.00207 
.00683 

u 

II 

0.00011 
.00023 
.00028 
.00040 
.00046 
.00049 
.00052 
.00050 
.00062 
.00066 
.00071 
.00074 
.00078 
.00081 
.00085 
.00088 
.00002 
.00097 
.00101 
.00106 
.00109 
.00117 
.  00126 
.00128 
.00130 
.00155 
.00140 
.00143 
.00148 
. 00155 
.00181 
.00197 
.00216 

II 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00001 
.00010 
.00467 

0.00012 
.00005 
.00012 
.00006 
.00003 
.00003 
.00007 
.00003 
.00004 
.00005 
.00003 
.00004 
.00003 
.00004 
.00003 
.00004 
.00005 
.00004 
.00005 
.00003 
.00008 
.00009 
.00002 
.00002 
.00005 
.00005 
.00003 
.00005 
.00007 
.00027 
.00027 
.000476 

6. 6o6i2 

.00005 
.00012 
.00006 
.00003 
.00003 
.00007 
.00003 
.00004 
.00005 
.00003 
.00004 
.00003 
.00004 
.00005 
.00004 
.00005 
.00001 
.00005 
.00003 
.00008 
.00009 
.00002 
.00002 
.00005 
.00005 
.00003 
.00005 
.00007 
.00006 
.00016 
.00019 

.••••*«••••••* 

.00001 
.00009 
.00457 

GENERAL  SUMMARY. 


Elastic  limit 36,000  pounds. 

ConiineHHion  per  inch  at  44,000  pounds 0.00683  inch. 

Compression  at  elastic  limit 0.00182  inch. 

Incn'aso  in  diameter  at  44,000  pounds 0.003     inch. 

Original  area  of  cross-section 0.9940    square  inch. 

Area  after  44,000  pounds 0.9993   square  inch 

24  OBD 
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Specimen  No.  2. 

Table  shoicing  the  cofnpre8»io»f  restoration j  and  permanent  set  caused  by  the  under-mentioned 
weights  per  square  inch  of  section ,  acting  upon  a  solid  cylinder  10  inches  long  and  l'M25 
in  diameter^  taken  from  a  sample  bar  of  fluid  compressed  steel  6  inches  square  by  22  inches 
long,  furnished  by  Sir  Joseph  WhittcortWs  Steel  Works,  Manchester,  England, 


A 

a 

a     1 

a 

fl 

A 

0m 

o 

•^^ 

O       1 

mw* 

o 

o 

9  A 

0        ' 

I- 

a 

s  u 

5. a 

1 

if 

set  per  in 
ngth. 

«4 

.2  = 

5-5 

1-5 

li 
1 

P 

II 

pigi 

5 

1^ 

5 
s 

11 

i 

^     ! 

o 

X 

S 

s 
x 

S, 

5^ 

1 

Founds. 

II 

// 

// 

1 
II 

II 

// 

1,000 

0.00002 

0.00000 

0.00002 

0.00000 

0.00000 

0.00000 

2,000 

.00012 

.00010 

.00012 

.00010 

.00000 

.00000 

3,000 

.00020 

.00008 

.00020 

.00008 

.00000 

.00000 

4.000 

.00030 

.00010 

.00030 

.00010 

.00000 

.00000 

5,000 

.00038 

.00008 

.00038 

.00008 

.00000 

.00000 

6,000 

.00045 

.00007 

.00045 

.00007 

.00000 

.00000 

7,000 

.00052 

.00007 

.00052 

.00007 

.00000 

.00000 

a  000 

.00057 

.00005 

.00057 

.00005 

.00000 

.00000 

9,000 

.00062 

.00005 

.00062 

.00005 

.00000 

.00000 

10,000 

.00069 

.00007 

.00069 

.00007 

.00000 

.00000 

11,000    , 

.00073 

.00006 

.00073 

.00004 

.00000 

.00000 

12,000 

.00078 

.00005 

.00078 

.00005 

.00000 

.00000 

13,000 

.00083 

.00005 

.00083 

.00005 

.00000 

.00000 

14,000 

.00087 

.00004 

.00087 

.00004 

.00000 

.00000 

15,000 

.00095 

.00008 

«   .00097 

.00008 

.00000 

.00000 

16,000 

.00099 

.00004 

.00099 

.00006 

.00000 

.00000 

17,000 

.00101 

.00002 

.00101 

.00002 

.00000 

.00000 

18,000 

.00102 

.00001 

.00102 

.00001 

.00000 

.00000 

19,000 

.00107 

.00005 

.00107 

.00005 

.00000 

.00000 

20,000 

.00112 

.00005 

.00112 

.00005 

.00000 

.00000 

21,000 

.00114 

.00002 

.00114 

.00002 

.00000 

.00000 

22,000 

.00118 

.00004 

.00118 

.00006 

.00000 

.00000 

23,000 

.00124 

.00006 

.00124 

.00006 

.00000 

.00000 

24,000 

.00127 

.00003 

.00127 

.00003 

.00000 

.00000 

25,000 

.00131 

.00004 

.00131 

.00004 

.00000 

.00000 

26,000 

.00135 

.00004 

.00133 

.00002 

.00002 

.00002 

27,000 

.00140 

.00005 

.00138 

.00005 

.00002 

.00000 

28,000 

.00145 

.00005 

.00142 

.00004 

.00003 

.00001 

29,000 

.00149 

.00004 

.00144 

.00002 

.00005 

.00002 

30,000 

.00154 

.00005 

.00148 

.00004 

.00006 

.00001 

31,000 

.  00161 

.00007 

.00154 

.00006 

.00007 

.00001 

32,000 

.00172 

.00011 

.00162 

.00008 

.00010 

.00003 

33,000 

.00178 

.00006 

.00166 

.00004 

.00012 

.00002 

34,000 

.00184 

.00006 

.00171 

.00005 

.00013 

.00001 

35,000 

.00191 

.00007 

.00176 

.00005 

.00015 

.00002 

36,000 

.00107 

.00006 

.00179 

.00003 

.00018 

.00003 

37,000 

.00202 

.00005 

.00180 

.00001 

.00022 

.00004 

38,000 

.00210 

.00008 

.00176 

—  .00004 

.00034 

.00012 

39,000 

.00220 

.00010 

.00182 

+  .00006 

.00038 

.00004 

40,000 

.00227 

.00007 

.00181 

—  .00001 

.00046 

.00008 

41,000 

0.00266 

0.00039 

0.00180 

—0.00001 

0.00086 

0.00040 

OEXERAL  SUMMARY. 

Elastic  limit pounds..  25,000 

Compression  per  inch  at  41,000  pounds inch. .  0. 00266 

Compression  at  elastic  limit do. . -  0. 00131 

Increase  in  diameter  at  41,000  pounds .do. . .  0. 0025 

Original  area  of  cross  section square  inch. .  0. 988 

Area  after  41,000  pounds do...  0.9933 
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EECOED  OF  TESTS  OF  WHITWOETH'S  FLUID  COMPEESSED 
STEEL  EMPLOYED  IN  JACKET  OF  TUBE  FOE  8-IKCH 
BEEECH-LOADING  EIFLE. 

Appendix  II. 

e-INCH  BREECH-LOADING  RIFLE. 


Specimen  I. 

TahU  ahmcing  the  extension^  restoration^  and  pennanent  »et  caused  by  the  under-mentioned 
tceights  per  square  inch  of  section  actinq  upon  a  solid  cylinder  of  fluid  compressed  steel,  & 
inches  long  {between  shoulders)  and  0".653  in  diameter,  taken  from  Jacket  of  tube  for  8- 
twcA  breechrloading  rifle,  furnished  by  Sir  Joseph  Whitworth's  Steel  Works,  Manchester, 
England, 


I 


si 


Pounds. 
1,000 
2,000 

a,  000 

4,000 
5,000 
6,000 
7.000 

a,  000 

9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17.000 
18,000 
19.000 
20.000 
21,000 
22,000 
23,000 
24,000 
25.000 
28,000 
27,000 
2i<,000 
29.000 
30.000 
31,000 
32. 000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 


I 


§1 

M 


11 

0.00001 
.00003 
.00006 
.00010 
.00016 
.00020 
.00021 
.00026 
.00030 
.00033 
.00040 
.00040 
.00043 
.00050 
.00043 
.00051 
.00053 
.00055 
.00056 
.00061 
.00066 
.00070 
.00071 
.00075 
.00081 
.00086 
.00088 
.00093 
.00101 
.00105 
.00118 
.00123 
.00140 
.00166 
.00183 
.00233 
.00266 
.00283 
.00316 
.00333 
.00383 
.00400 
.00433 
.00466 
.00516 
.00583 
.006:)3 
.00716 
.00783 
.00833 
.00850 
.00983 


it 

■§§ 

is 

CS  P« 
CO 


11 

0.00001 
.00002 
.00003 
.00004 
.00006 
.00004 
.00001 
.00005 
.00004 
.00003 
.00007 
.00000 
.00003 
.00007 
.00007 
.00008 
.00002 
.00002 
.00001 
.00005 
.00005 
.00004 
.00001 
.00004 
.00006 
.00005 
.00002 
.00005 
.00008 
.00004 
.00013 
.00005 
.00017 
.00026 
.00017 
.00050 
.00033 
.00017 
.00033 
.00017 
.00050 
.00017 
.00033 
.00033 
.00050 
.00067 
.00050 
.00083 
.00067 
.00050 
.00017 
.00133 


I 

u 


14 


0.00001 
.00003 
.00006 
.00010 
.00016 
.00020 
.00021 
.00026 
.00030 
.00033 
.00040 
.00040 
.00043 
.00050 
.00043 
.00051 
.00053 
.00055 
.00056 
.00061 
.00066 
.00070 
.00071 
.00075 
.00081 
.00086 
.00088 
.00093 
.00101 
.00105 
.00118 
.00123 
. 00140 
.00133 
.00116 
.00133 
.00150 
.00150 
.00166 
.00166 
.00185 
.00166 
.00185 
.00185 
.00185 
.00200 
.00200 
.00233 
.00233 
.00233 
.00166 
.00233 


4-9 

la 

«  M 

I  at 

y  9  ^ 

CO 


// 

0.00001 
.00002 
.00003 
.00004 
.00006 
.00004 
.00001 
.00005 
.00004 
.00003 
.00007 
.00000 
.00003 
.00007 
.00007 
.00008 
.00002 
.00003 
.00001 
.00005 
.00005 
.00004 
.00001 
.00004 
.00006 
.00005 
.00002 
.00005 
.00008 
.00004 
.00013 
.00005 
.00017 

-  .00007 

-  .00017 
.00017 
.00017 
.00000 
.00016 
.00000 
.00019 

-  .00019 
.00019 
.00000 
.00000 
.00015 
.00000 
.00033 
.0000«) 
.00000 
.00067 
.00067 


I 


t 


0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00033 
.00065 
.00100 
.  00116 
.00133 
.00150 
.00167 
.00198 
.002r{4 
.  00248 
.00281 

.oo:m 

.00383 
.004.33 
.00483 
.00.550 
.00600 
.00684 
.00750 


/J 

0.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.000.33 
.00032 
.00035 
.00016 
.00017 
.00017 
.00017 
.00031 
.000.36 
.00014 
.00033 
.000.10 
.  00052 
.  00050 
.0OO.>0 
.00067 
.00050 
.00084 
.00066 
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Specimen  J— Continued. 


ion  per  inch 
length. 

lveext«n»ion 
thin  length. 

ktion  per  inch 
longih. 

i-2 

1. 
It 

4| 

Weight 
inch  1 

i-9 

9  ^ 

it 

GC 

1" 

tat 

Perroan 
inch 

hi 

Pounds, 

// 

n 

// 

H 

tf 

It 

53,U00 

0.01066 

0.00183 

0.00233 

0.00000 

0.00833 

0.00083 

54,000 

.01150 

.00084 

.002.50 

.00017 

.00900 

.00067 

55,000 

.01250 

.00100 

.00266 

.00016 

.00984 

.00084 

56,000 

.  01316 

.00066 

.00250 

—  .00016 

.01066 

.00082 

57,000 

.01416 

.00100 

.00266 

.00016 

.01150 

.00084 

58,000 

.01566 

.00150 

.00366 

.00100 

.01200 

.00050 

^,000 

.01650 

.00084 

.00283 

—  .00083 

.01367 

.00167 

<K),000 

.01750 

.00100 

.00300 

.00017 

.01450 

.00083 

«1.000 

.01850 

.00100 

.00283 

—  .00017 

.01567 

.  00117 

•€2,000 

.01983 

.00133 

.00316 

.00033 

.01667 

.00100 

^,000 

.02100 

.00117 

.00316 

.00000 

.01784 

.00117 

64,000 

.02250 

.00150 

.00150 

—  .00166 

.02100 

.00316 

65.000 

.02400 

.00150 

.00333 

.00183 

.02067 

.00333 

•66.000 

.02566 

.00166 

.00333 

.00000 

.02233 

.00166 

67,000 

.02733 

.00167 

.00333 

.00000 

.02400 

.00167 

68,000 

.02916 

.00183 

.00450 

.00117 

.02466 

.00066 

60,000 

.03066 

.00150 

.00466 

.00016 

.02600 

.00134 

70,000 

.03266 

.00107 

.00383 

—  .00083 

.02850 

.00250 

'71.000 

.03366 

.00133 

.00366 

—  .00017 

.03000 

.00150 

72,000 

.03566 

.00200 

.00383 

.00017 

.03183 

.00183 

73,000 

.03783 

.00217 

.00400 

.00017 

.03383 

.00200 

74,000 

.03966 

.00183 

.00400 

.00000 

.03566 

.00183 

75,000 

.04316 

.00350 

.00483 

.00083 

.03933 

.00367 

76,000 

.04583 

.  00267 

.00433 

—  .00050 

.04150 

.00217 

77,000 

.04900 

.00317 

.00416 

—  .00017 

.M484 

.003.'U 

78,000 

.  05216 

.00316 

.00450 

.00034 

.04766 

.00282 

70,000 

.05566 

.  00350 

.00366 

—  .00084 

.05200 

.00434 

80,000 

.06033 

.00467 

.00483 

.  00117. 

.05550 

.003.50 

81.000 

.06500 

.00467 

.00466 

—  .00017 

.06034 

•  mwo* 

82,000 

.06983 

.00483 

.00500 

.00034 

.06483 

.00449 

8:^,000 

.07566 

.005&3 

.00500 

.00000 

.07066 

.00583 

84,000 

.07783 

.00217 

. 00116 

—  .00384 

.07567 

.00500 

85, 000 

.00116 

.00333 

.  00516 

.00400 

.08600 

.01033 

80,  (M)0 

.10050 

.00934 

.00400 

—  .  00116 

.09650 

.  01050 

87,000 

. 12116 

.02066 

.00533 

.00133 

. 11583 

. 01933 

88,000 

.14650 

.02534 

0.00583 

0.  00050 

0.14067 

0.02484 

89,000 

0. 19316 

0.04666 

(*) 

(•) 

(*) 

n 

*  Specimen  broke. 


GENERAL  SUMMARY. 


Specific  gravity 7. 8491 

intimate  resistance  to  extension l)ouu(ls..     89, 000 

Elastic  limit pounds. .     33, 000 

Extension  per  inch  at  rupture inch..      0.19316 

Extension  at  elastic  limit inch. .      0. 00140 

Hardness 16.258 

Reduction  in  diameter  at  point  of  i*ui)ture inch . .      0. 178 

Original  area  of  cross  section sciuare  inch. .      0.  3328 

Ai'ea  after  ru])ture square  inch. .       0. 1772 

Position  of  rupture Near  middle. 

Character  of  surface Dull,  gray*  fibrous. 
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Specimen  II. 

Table  shoicing  the  extension,  restoration,  and  permanent  set  caused  by  the  undermentioned 
veights  per  square  inch  of  section  aciina  upon  a  solid  cylinder  of  fluid-compressed  steel,  6 
inches  long  (bettceen  shoulders)  and  0''.653  in  diameter,  taken  from  Jacket  of  tube  for 
&-inch  breech-loading  rifle,  furnished  by  Sir  Joseph  Whitworth^s  Steel  Works,  Manchester^ 
England, 


I. 

.a 

k 

•s 

i^ 

§ 

i"^ 

ii 

3 

sl^ 

.s 

l.a 

^,d 

11 

ii 
§1 

^1 

1-3 

1^ 

It. 

1-3 

lit 

■&■§■ 

V 

00 

1^ 

1 

1 

Pounds. 

// 

II 

/* 

// 

II 

II 

1.000 

0.00005 

0.00005 

0.00005 

0.00005 

0.00000 

0.00000 

2,000 

.00010 

.00005 

.00010 

.00005 

.00000 

.00000 

3,000 

.00013 

.00003 

.00013 

.00003 

.00000 

.00000 

4.000 

.00016 

.00003 

.00016 

.00003 

.00000 

.00000 

5,000 

.00018 

.00002 

.00018 

.00002 

.00000 

.00000 

6,000 

.00022 

.00004 

.00022 

.00004 

.00000 

.00000 

7.000 

.00035 

.00013 

.00035 

.00013 

.00000 

.00000 

8.000 

.00030 

.00004 

.00039 

.00004 

.00000 

.00000 

9,000 

.00040 

.00001 

.00040 

.00001 

.00000 

.00000 

10,000 

.00049 

.00009 

.00049 

.00009 

.00000 

.00000 

11,000 

.00052 

.00003 

.00052 

.00003 

.00000 

.00000 

12,000 

.00055 

.00003 

.00055 

.00003 

.00000 

.00000 

13,000 

.00057 

.00002 

.  00057 

.00002 

.00000 

.00000 

14,000 

.00059 

.00002 

.00059 

.00002 

.00000 

.00000 

15,000 

.00065 

.00006 

.00065 

.00006 

.00000 

.00000 

16,000 

.000?2 

.00007 

.00072 

.00007 

.00000 

.00000 

17,000 

.00074 

.00002 

.00074 

.00002 

.00000 

.00000 

18,000 

.00077 

.00003 

.00077 

.00003 

.00000 

.00000 

19,000 

.00082 

.00005 

.00082 

.00005 

.00000 

.00000 

20.000 

.00087 

.   .00005 

.00087 

.00005 

.00000 

.00000 

21,  000 

.00092 

.00005 

.00092 

.00005 

.00000 

.00000 

22,000 

.00102 

.00010 

.00102 

.00010 

.00000 

.00000 

23,000 

.00107 

.00005 

.00107 

.00005 

.00000 

.00000 

24,000 

.00113 

.00006 

.00113 

.00006 

.00000 

.00000 

25, 000 

.00117 

.00004 

.00117 

.0004 

.00000 

.00000 

26, 000 

. 00122 

.00005 

.00122 

.00122 

.00000 

.00000 

27,000 

.  00139 

.00017 

.00139 

.00139 

.00000 

.00000 

28,000 

.00147 

.00008 

.00147 

.00147 

.00000 

.00000 

29,000 

.00160 

.00013 

.00160 

.00160 

.00000 

.00000 

30.  000 

.00175 

.00015 

. 00175 

.00175 

.00000 

.00000 

31,  (KK) 

. 00216 

.00041 

. 00216 

.00216 

.00000 

.00000 

32,000 

. 00267 

.00051 

.00150 

.00150 

.00117 

.00000 

33.000 

.00300 

.00033 

.00117 

—  .00033 

.00183 

.00066 

34,000 

.00400 

.00100 

.00133 

.00016 

.00267 

.00084 

35,000 

.00483 

.00083 

.00133 

.00000 

.00350 

.00083 

36,000 

.00550 

.00067 

.  00133 

.00000 

.00417 

.00067 

37, 000 

.00633 

.00083 

.00117 

—  .00016 

.00516 

.00099 

38.000 

.00733 

.00100 

.00138 

.00033 

.00513 

.00067 

39.  000 

.00800 

.00067 

.00167 

.00017 

.00633 

.00050 

40,000 

.  00867 

.00067 

.00150 

—  .00017 

.00717 

.00084 

41,000 

.00983 

.00116 

.00150 

.00000 

.00833 

.00116 

42, 0(K) 

.01067 

.00084 

.00133 

—  .00017 

.00934 

.00101 

43,000 

.01133 

.00066 

.00167 

.00034 

.00966 

.00032 

44.000 

.  01217 

.00084 

.  00150 

—  .00017 

.01067 

.00101 

45, 000 

.01400 

.00183 

.00167 

.00017 

.01233 

.00166 

46, 000 

.01483 

.00083 

.00167 

.00000 

. 01316 

.00063 

47.  CO) 

.01600 

.00117 

.00200 

.00033 

.01400 

.00084 

48,000 

.01717 

.00117 

.00167 

—  .00033 

.01550 

.00150 

49.000 

.  01817 

.00117 

.00183 

.00016 

.01634 

.00084 

50,000 

.01967 

.00150 

.00167 

—  .00016 

.01800 

.00166 

51.000 

.02050 

.00083 

.00217 

.00050 

.01833 

.00033 

52.  000 

.  02217 

.00167 

.  00217 

.00000 

.02000 

.00167 

53,000 

. 02467 

.00250 

.00217 

.00000 

.02250 

.00250 

54, 000 

.02583 

.00116 

.  00217 

.00000 

.02316 

.00116 

55, 000 

.  02716 

.00133 

.  00233 

.00016 

.02483 

.00117 

60,000 

.03633 

.00917 

.00250 

.00017 

.03.383 

.00900 

65,000 

.04833 

.  01200 

. 00317 

.00067 

.04x516 

.01133 

70,000 

.06563 

.  01730 

.00350 

.00033 

.06213 

.01697 

75.000 

.10300 

.  03737 

.00333 

—  .00017 

.09967 

.03754 

76,000 

.12100 

.01800 

.00467 

.00134 

.11633 

.01666 

77,000 

.14733 

.02633 

.00467 

.00000 

.14266 

.02633 

78,000 

0.  21717 

a  06934 

0.01833 

0. 01366 

0.19884 

0. 05618 
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GENERAL  SUMMARY. 

Specific  gravity 7. 8561 

intimate  resistance  to  exteiisiou IwuncLs. .  78, 000 

Elasticlimit do....  32,000 

Extension  per  inch  at  rupture inch. .       0. 21717 

Extension  at  elastic  limit do 0.00267 

Hardness 16.250 

Reduction  in  diameter  at  point  of  rupture inch . .      0. 147 

Original  area  of  cross-section square  inch..       0.3349 

Area  after  rupture ^ do 0. 2011 

Position  of  rupture Near  middle. 

Character  of  surface Part  granular  and  part  fibrous. 


! 

Appendix  III. 


Description  of  the  instruments  employed  in  the  measurements  of  the  expan- 
sixrn  and  tJie  corresponding  temperature  of  the  ca-st-iron  casing  of  the  8- 
inch  breech-loading  rifle,  tchen  heated  up  for  the  reception  of  its  tube. 

The  method  by  shrinkage  having  been  adopted  for  the  insertion  of  the 
tnbe  of  the  8-inch  breech-loa^ling  lifle^  it  at  once  became  important  to 
provide  some  reliable  means  for  measui'ing,  from  time  to  time,  the  expan- 
sion of  the  cast-iron  casing  while  undergoing  heating.  It  was  deemed 
most  desirable,  also,  in  connection  with  these  measurements,  to  deter- 
mine accurately  the  coiTCsponding  temperatures,  in  order  to  ac<iuire  trust- 
worthy data,  which  might  serve  for  reference  in  futiu*e  operations  of  this 
nature.  The  instrmnents  prepai*ed  for  the  above  purposes  were  as  fol- 
lows: 

1.  For  the  measurement  of  the  expansion. 

In  this  operation,  since  the  mstrument  woidd  require  to  be  inserted 
within  the  bore  of  tlie  heated  casing,  it  was  deemed  necessarj^  to  employ 
a  measuring  tool  of  such  poor  conducting  material  as  woidd  undergo 
itself  as  little  change  from  the  heat  as  possible.  Accordingly,  a  num- 
ber of  wooden  measuring-rods  (Plate  11),  with  steel  points  screwed  into 
the  ends,  were  constructed.  The  lengths  of  these  rods  were  then  ad- 
justed by  a  vernier  rule,  reading  to  0".001,  so  as  to  form  a  series,  grad- 
uaUy  increasing  by  0".005,  from  22'^00  to  22".09,  or  to  a  little  beyond 
the  required  expansion.  Tlie  length  of  each  measuring-rod  was  stamped 
ui>on  it,  and  a  stiff  wire  attached  to  it  at  the  middle,  by  which  to  handle 
it  m  taking  a  measurement.  By  means  of  these  rods,  using  a  longer  and 
longer  one  till  one  was  found  that  would  just  enter  the  casing,  the  meas- 
urements of  the  interior  diameter  of  the  heated  casing  were  rapidly  and, 
it  is  thought,  quite  accurately  made.  The  lengths  of  the  measuring-rods, 
as  verified  oy  the  vernier  rule,  immediately  after  being  withdrawn, 
showed  no  sensible  change. 

This  mode  of  measurement  was  devised  by  the  South  Boston  Ivovl 
Company. 

2.  For  the  measurement  of  the  temperature. 

For  the  determination  of  the  temperature  it  was  decided  to  employ  a 
pyrometer  of  the  form  known  as  the  hydro-pyrometer ;  in  which  the  tem- 
perature is  ascertained  by  exposing  to  the  action  of  the  heat  wliich  is  to 
be  measured  a  definite  weight  of  some  metal,  as  platinum,  steel,  copper, 
&c.,  and  then  quenching  the  same  in  a  known  weight  of  water,  and 
noting  the  rise  in  temperature  of  the  latter.  From  this  data,  and  the  spe- 
cific heat  of  the  metal  employed,  the  initial  temperature  of  the  metal, 
which  is  the  temperature  i-equii-ed,  can  be  readily  obtained.    Thus,  if  a 
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piece  of  platiuum  weighing  1,000  grains  should,  when  immersed  in  2,000 
grains  of  water  at  a  temperature  of  60°  Fahrenheit,  raise  the  tempera- 
ture of  the  latter  to  90^,  then  90O— 00o=30^,  multiplied  by  2  because  the 
weight  of  the  water  is  twice  that  of  the  platinum,  gives  60<^,  the  tem- 
perature to  which  a  weight  of  water  equal  to  the  platinum  would  have 
been  raised.  To  obtain  from  this  the  initial  temperature  of  the  platinum, 
in  Fahrenheit  degrees,  we  multiply  by  31^,  the  specific  heat  of  water  as 
compared  with  platinum,  that  of  the  latter  being  1,  and  to  the  result 
add  the  temperature  of  the  water.  Therefore  (00  x  30J)  +  90  =  1965  is 
the  temperature  required.*  The  principle  may  otherwise  be  stated  as 
follows  :t  A  body  of  known  weight  W  is  raised  to  a  final  temperature  T, 
and  then  i)lunged  into  a  quantity  of  water  of  weight  W  and  tempei'a- 
ture  f,  which  is  contained  in  a  copper  vessel  called  a  '^  calorimeter." 
As  T  is  sui)posed  to  exceed  f,  the  water  gains  in  temperature  by  the  im- 
mersion of  the  body  and  finally  attains  a  maxinmm  temperature  0^  which 
is  noted.  In  the  change  from  t  to  6^  the  water  has  gained  a  quantity  of 
heat  equal  to  W  (d  —  /),  and  the  body  immersed  has  lost  a  quantity 
equal  to  Wx  (T— ^) ;  x  being  the  specific  heat  of  the  body,  that  of  water 
being  equal  to  1. 
Equating  these  two  quantities,  we  have 

Sohing  in  reference  to  T,  we  obtain 

VsX 

This  method  of  pyrometric  measux'ement  was  first  adoi)ted  by  Clement- 
Desormes  &  Schwarz,  for  the  measurement  of  the  heat  of  furnaces ;  it 
was  afterward  emi)loyed  by  Kegnault  in  the  determination  of  the  spe- 
cific heats  of  various  substances,  liquid  and  solid,  and  by  Dr.  Siemens 
in  some  delicate  experiments  upon  the  varying  electrical  conductivity  of 
telegraph  wire  under  different  degrees  of  temperature.  The  form  of  the 
instrument  has  varied  somewhat  with  the  specific  end  in  view;  the  one 
herein  described  is  essentially  that  devised  by  Cai)tain  Bystrom,  of  the 
Swedish  aitillery. 

DESCRrPTION  OF  THE  IXSTRUMEXT. 

Plate  IV. — ^The  instrument  consists  of  a  copper  vessel,  C  the  calori- 
meter, inclosed  in  a  wooden  box  A,  but  separated  ivoiw  it  by  an  air  space 
E  an  outlet  pipe,  closed  with  a  cork,  is  provided  at  the  bottom  of  the 
vessel  for  withdrawing  the  water;  D  is  the  metal  ball,  in  this  in- 
8tan(5e  of  copper ;{  B  is  the  "mixer,"  consisting  of  a  cage  of  brass  wires, 
fastened  into  a  wooden  ring;  the  latter  serves  as  a  handle  for  turning 
the  mixer,  and  also  as  a  socket  for  the  ftmnel  used  in  filling  ^ith  water, 
or  dropping  in  the  heated  metal  ball.  The  mixer  is  detachable,  and  by 
means  of  it  the  ball  can  be  withdrawn  from  the  calorimeter.  During 
an  experiment  the  funnel-hole  is  closed  by  a  rubber  baU,  to  prevent  the 
e8cai>e  of  heat.  T  represents  the  thermometer,  which  enters  through  a 
rubber  packing,  a  short  open  tube  in  the  top  of  the  calorimeter.  The 
thermometer  is  i)ro\'ided  with  a  shding  index,  which  will  be  described 
more  fidly  subsequently.    A  mahogany  casing  G  is  placed  over  the  in- 

•MitcheU^B  Afisaying. 

tDeschaiiel's  Natural  PhUosophy. 

X  Platinum  is  perhaps  the  metal  l>e8t  suited  for  this  purpose,  as  its  specific  heat 
remains  constant  up  to  very  high  temjieratures;  it  is  objectionai)le,  however,  on  the 
ground  of  expense.  Steel  would  have  been  preferable  to  copper,  but  time  did  not  per- 
mit the  procuring  of  a  suitable  piece  and  ascertaining  its  specific  heat. 
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stniment  to  give  an  exterior  f  nish,  and  also  to  aflford  additional  protec- 
tion; it  may  be  readily  removed  like  a  cover.  The  imier  box  is  of  pine 
wood,  coated  with  shellac. 

:  The  amount  of  water  employed  is  65  cnbic  inches,  at  the  temperature 
of  620  F.,  or  34.192  ounces.  The  water  may  be  either  weighed  or  meas- 
ured; the  latter  is  a  more  convenient  method,  when  the  tem][)erature 
of  the  water  does  not  vary  much  from  62°,  and  was  adopted  in  the  ex- 
periments had  with  this  instrument.  The  measurement  was  made  by 
means  of  a  graduated  glass,  liquid  measure  (Plate  5).  The  weight  of 
the  copper  ball  is  6.012  ounces.  In  order  that  the  temperature  of  the 
copper  ball  shoiQd  truly  represent  that  of  the  gun-casing,  it  was  deemed 
best  to  suspend  it  in  the  bore  of  the  casing.  For  this  purpose  a  small 
ca«t-iron  box*  was  provided^  capable  of  containing  the  ball,  and  having 
a  bottom  movable  about  a  pivot  at  one  comer.  By  means  of  a  project- 
ing arm,  E,  the  bottom  could  be  turned  round  so  as  to  allow  the  ball  to 
faU  out  into  the  calorimeter.  A  piece  of  gas-pipe  was  screwed  to  the 
top  of  the  box,  having  attached  to  it  by  a  set-screw  an  adjustable  cross- 
arm.  By  means  of  this  apparatus  the  copper  ball  could  be  suspended 
at  any  height  in  the  bore  of  the  casing,  its  transfer  to  the  calorimeter 
be  rapidly  and  easily  made,  while  the  heat  lost  during  that  operation 
would  necessarily  take  place  from  the  outside  box,  rather  than  from  the 
copper  ball  within.  Hie  details  of  the  heating-box,  and  the  method  of  its 
employment,  are  shown  on  Plate  5.  This  plate  also  gives  a  view  of  the 
gun-pit  and  the  method  of  heating  it;  I)  being  the  fire-pit;  FF  the  inlet 
and  O  the  outlet  air-flues ;  CO  are  flask-sections ;  K  a  muzzle-rest ;  EE, 
barces  for  the  sui)iiort  of  the  gun. 

DETER>imATION  OF  THE  WATER  EQUIVALENT  OF  THE  PYROMETER. 

The  equation 

-       \V.r       ^ 

assumes  that  the  onl}'  exchange  of  heat  is  between  the  water  and  the 
heated  body,  which  is  not  actually  the  case. 

The  heat  of  the  body  is  not  given  up  exclusively  to  the  water  in  the 
calorimeter,  but  partly  to  the  calorimeter  itself,  to  the  thermometer,  the 
mixer,  and  such  other  instruments  as  may  be  employed  in  the  experi- 
ments and  come  in  contact  directly  or  indirectly  with  the  heated  body.t 

The  equation  for  the  most  general  case  can  easily  be  written  down, 
since  it  is  only  necessary  to  express  that  the  quantity  of  heat  given  up 
by  the  heated  body  is  equal  to  that  gained  by  the  water,  the  calorime- 
ter, thermometer,  mixer,  &c. 

Let  W  denote  the  weight  of  the  body  j  T  its  initial  temperature ;  x  its 
specific  heat ;  W  the  weight  of  the  water  in  the  calorimeter ;  w*  the  weight 
of  the  calorimeter ;  a/  its  8i>ecific  heat ;  w''  the  weight  of  the  mixer,  and 
x"  its  specific  heat;  tc'^'  the  weight  of  the  thennometer-tube  immersed 
in  the  water ;  a/''  its  specific  heat,  and  w^^  the  weight  of  the  mercury  in 
the  thermometer-tube,  and  jc^""  its  specific  heat. 

Then 

Wx  (T-^)  =  W  -f  ic'x'  +  ic"x"  +  ic'f'x"'  +  ?r*V^)  (B^t) 
and 

*  The  form  of  this  heatiiig-lK)x  was  uiigijeKt  mI  by  Mr.  Pem-se,  of  the  South  Boston  Irou. 
Company,  and  is  an  improvement  npon  the  one  designed  at  this  office. 
t  Deschaners  Natural  Philosophy. 
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In  the  above  expression  the  coefficient  of  (B—t)  is  called  the  water 
equivalent  of  the  calorimeter^  and  evidently  represents  a  mass  of  water 
such  that,  8upi)08ing  it  to  receive  exclusively  all  the  heat  given  up  in 
the  experiment,  a  thermometer  placed  in  it  would  indicate  the  variation 
of  temperature  actually  observed. 

To  determine  this  value  for  the  particular  case  under  consideration, 
take  the  following  schedule : 


Part». 

• 

Material. 

1 

i 

I. 
1^ 

• 

1 

Thennal  capa- 
city. 

Numerical 
value. 

BalL 

Copper. 

5.012. 

w. 

.loia 

%, 

Wr. 

.60772. 

Wat«r 

34.192 

11.23 

1.51 

.25 

.30 

W' 

W" 

L 

.1013 
.1002 
.199 
.035 

"if" 

W' 

W"  7f' 

34.192 

Calarimeter , 

Mixer 

Thermometer-tnbe 

M^Tcnrv  in  thermomet^fr-tubfl 

Copper  . . . 

Brass 

Glass 

1. 1376 
.1513 
.0408 
.0105 

W'+ it'  »'+  W"  X"+lP'"x"'+tP«'  x*'  = 

.50772 

35w5412 

From  which  we  determine — 

\V/+  ^c'x'-^r  w"x*'  +  k'^'x"'  <r*^j*^  _  35.5412  _  ^^ 

\VX  .50772       '  *       . 

for  the  water  equivalent  of  the  pyrometer,  or  the  value  of  each  degree 
in  the  diiference  between  the  temperature  of  the  water  before  and  after 
the  immersion  of  the  heated  copper.  The  expression  for  the  tempera- 
ture thus  becomes  T=70  (6^— f)  +^. 

Tlie  thermometer — Plate  IV — ranges  from  50o  to  105°  Fahrenheit,  and 
is  graduated  \\\yo\\  the  tube  itself  into  degrees  and  f  fths  of  a  degree. 
Upon  one  side  is  an  ivory  slide  with  the  same  graduation  as  that  on  the 
glass  tube;  the  unit  of  this  scale,  however,  is  70^.  Tenths  of  a  degree 
can  easily  be  read  on  the  glass  tube  by  the  naked  eye;  and  with  the 
magnifying  glass  (Plate  V)  a  still  finer  'di\ision  may  be  made. 

In  using  the  instrument  it  is  first  filled  with  the  requisite  weight  of 
water,  and  the  slide  moved  until  its  zero  coincides  with  the  top  of  the 
mercurial  column  in  the  themiometer-tube.  After  immersing  the  heated 
copper  ball  and  closing  the  ai)erture  with  the  stopper,  the  temperature 
is  equalized  by  stirring  with  the  mixer,  or  by  shaking  gently  the  instru- 
ment. The  height  of  the  mercury  is  then  read  off  from  the  slide,  and  to 
it  is  added  the  corresponding  temperature  of  the  water;  the  result  is 
the  temperature  required.* 

In  addition  to  those  corrections  introduced  in  the  determination  of 
the  water  equivalent,  there  are  yet  others  which  it  is  usual  to  take  into 
accoiuit  where  a  rigorous  result  is  desired.  Thus  the  pyrometer  loses  a 
certain  amoimt  of  heat  by  radiation  and  also  by  conduction  through 
the  supports  on  which  it  rests.  With  regard  to  the  former,  the  necessary 
correction  may  either  be  allowed  for,  as  by  the  "method  of  compensa- 

*  The  unit  of  the  Hcale  ou  the  slide  is  so  large.  TCN,  that  in  practice  it  was  found 
mnch  easier  to  neglect  this  scale,  and,  Instead  or  it,  multiply  tlie  diiference  between 
the  readings  on  the  tube  before  and  alter  an  experiment  by  7*0°. 
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tion,''  or  it  may  be  detenniued  by  calculation,  and  then  dii-ectly  applied 
to  the  result.  The  construction  of  the  pyrometer,  however,  is  such  as  to 
render  this  source  of  error  so  small,  that  it  may  be  practically  neglected. 
The  same  observation  applies  to  loss  of  heat  by  conduction  through  the 
supports,  which  are  of  small  dimensions  and  of  a  bad  conducting  mate- 
riid.  For  a  difference  between  the  temperature  of  the  water  and  the  air 
of  240  and  an  actual  temperature  of  the  former  of  over  lOlP,  the  loss  of 
heat  from  the  above  sources  w^as  only  one-tenth  of  a  degree  (0^.1)  in 
one  minute  and  a  half;  a  longer  interval  than  is  ordinarily  required  for 
an  experiment  Mith  the  instrument. 

This  pyrometer  was  constructed  by  Mr.  James  Green,  of  New  York  city 
in  consultation  with  this  office.  Previously  to  its  being  employed  at  the 
South  Boston  foundery,  in  connection  -with  the  insertion  of  the  tube  of 
the  8-inch  breech-loading  rifle,  it  was  careftdly  tested  at  this  office  by 
comparison  with  a  high-range  mercurial  thermometer  j  the  bulb  of  the 
thermometer  and  the  copper  ball  being  heated  side  by  side  in  an  oil-bath. 
The  accordance  between  the  results  furnished  by  the  two  instrument* 
was  striking.*  The  employment  of  the  pyrometer  at  the  fomidery  was 
attended  with  success,  and  the  residts  obtained  were  highly  satisfactory'. 
It  is  oidy  to  be  regretted  that  circumstances  did  not  permit  of  a  wider 
range  in  the  experiments. 

It  is  respectfully  suggested,  therefore,  that  a  series  of  experiments  for 
the  determination  of  data  on  the  exi)ansion  of  cast  iron  under  gradually 
increasing  temperatures,  say  from  212o  to  l,000o  or  more,  be  undertaken, 
whenever  a  fitting  opportunity  shall  offer;  employing  for  the  piu^wse 
the  instruments  above  described,  and  the  cast-iron  cylinder  constructed 
or  experimental  purposes,  now  on  hand  in  the  department. 


* 

In  water-bath. 

In  oil-bath. 

Deip^es. 

Degrees. 

Thermometer 

212. 
21L7 

390. 
389.9 

430 
432 

500. 
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APPENDIX  E4. 

REPORT  ON  THE  CARRIAGE  ALTERED  FOR  THE  8-INCH  BREECH-LOADING 

RIFLE. 

(Two  plates.) 

The  carriage  altered  from  a  lO-inch  barbette  carriage  possesses  the 
same  general  fRatures  in  its  modification  as  carriage  No.  3,  described  in 
the  Eeport  of  the  Chief  of  Ordnance  for  1877. 

The  same  apparatus  for  elevating  and  depressing,  consisting  of  toothed 
arcs  attached  to  the  gun  and  worked  by  pinions,  is  used;  and  a  hydraulic 
buffer  similarly  attached  between  the  chassis-rails  checks  the  recoil. 
The  rails  are  also  pro\'1ded  with  inclines  or  wedges  and  rubber  hurters 
and  counter  hurters ;  but  it  differs  from  carriage  No.  3  in  the  fact  that 
no  side  catches  are  used  to  secure  the  gun  "from  battery"  after  recoil, 
consequently  the  gun  after  firing  returns  unaided  "  into  battery,"  its 
position  as  a  breech-loader  for  loading. 

In  other  particulars  the  carriage  differs  from  carriage  Np.  3  only  in 
the  following  alteration,  which  has  been  applied  to  the  front  or  pintle- 
transom. 

The  ordinary  bolsters  with  the  eccentric  axle  are  replaced  by  two 
wrought-iron  forks  attached  to  and  beneath  the  front  of  each  chassis-rail, 
and  to  which  is  bolted  the  pintle-plate  (Plate  2). 

Each  fork  is  made  in  two  sections,  one  bolted  to  the  inside  and  the 
other  to  the  outside  of  the  chassis-rail,  and  carries  at  the  bottom  a  steel 
roller  which  rests  upon  the  pintle  bed-plate  through  a  slot  cut  in  the 
pintle-plate  itself. 

In  the  original  carriage  it  was  necessary  to  throw  the  chassis  "in"  and 
"  out  of  gear"  during  the  operation  of  "pointing,"  in  order  to  secure  roll- 
ing-friction to  the  system  while  traversing,  and  again  sliding-friction 
when  the  piece  was  fired.  This  proved  to  be  a  serious  imperfection,  which 
the  alteration  described  was  designed  to  correct.  It  was  first  applied 
to  carriage  No.  3  (Report  of  the  Chief  of  Ordnance,  1877),  and  thoroughly 
tested  during  the  proof  of  8-inch  converted  rifle  No.  1,  breech-insertion, 
and  8-inch  converted  rifle  No.  5.  Under  all  circumstances  the  carriage 
was  easily  and  quickly  traversed,  and  though  various  angles  from  l|^ 
depression  to  10°  elevation  were  used  during  the  firings,  the  forks  and 
rollers  were  uninjured  by  the  shock. 
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APPENDIX  S. 

Keports  of  the  Ordnance  Boards  composed  of  the  following  officers  of  the 
Ordname  Department^  viz :  Lieut,  Col,  S.  Crisj)in^  brevet  colonel ^  U.  &,A,; 
Lieut.  Col,  T.  J.  TreadwelU  brevet  lieutenant-coloneL  U,  S.  A.;  Maj.  T.  O. 
Baylor^  brevet  colonel^  U.  S.  A.j  and  halving  Capt.  F,  H.Phipps  as  recorder, 
on  the  triul  of  guns,  projectiles,  and  fuses. 

TRIAL  OF  THE  LOWELL  BATTERY  GUN,  (  ALIBER  .45",  SEP- 
TEMBER AND  OCTOBER,  1877,  AND  APRIL,  1878. 

(Twelve  plates.) 

Description  of  the  Lowell  Battery  Gun,  Cal.  C'.45. 

the  general  system. 

(See  Plates  1,  2,  3,  and  4.) 

The  Lowell  battery,  or  macliiiie-gun,  is  of  tlie  mitrailleur  oMer.  The 
system  is  composed  of  two  distinct  parts,  viz,  the  barrels,  with  their 
disks  and  trunnions,  and  the  frame  and  breech,  containing  the  mechanism. 
The  barrels — generally  four,  although  a  gi^ater  number  may  be  used — 
are  mounted  l^tween  two  supporting  disks,  arranged  to  revolve  in  rings. 
Tlie  ring  at  center  of  barrels  is  provided  with  trunnions,  which  work  iu 
the  frame  connecting  the  barrels  with  breech  mechanism.  The  rear  ring 
and  inclosed  disk,  when  the  barrels  are  in  position,  lock  with  the  frame. 
By  this  arrangement  of  the  barrels  they  can  l)e  disconnected  from  the 
breech  and  tilted  up,  allowing  them  to  l)e  readily  inspected  or  cleaned; 
also  facilitating  the  extraction  of  any  obstruction.  One  of  the  jieculiar 
features  of  this  gun  is  that  the  firing  is  confined  to  one  barrel  at  a  time, 
requiring  but  one  lock.  This  barrel  is  used  until  heated,  disabled,  or 
clogged,  when  it  is  rotated  aside  by  a  simple  lever-movement  and  another 
brought  into  place,  and  this  can  be  done  quickly  and  without  shutting 
off  the  feed.  The  upi)er  barrel  being  the  one  tired,  it  is  always  in  sight 
of  the  oi)erator,  and  any  damage  to  it,  such  as  bulging  or  bui'sting,  can 
be  readily  detected  and  its  use  in  subsequent  firings  avoided. 

The  breech  mechanism  is  contained  in  a  housing  of  brass,  the  lower 
half  of  which  is  securely  bolted  to  the  connecting  frame,  the  cover  or 
upper  half  being  secured  to  it  by  hinges  on  the  left  side  and  on  the 
right  bv  catches  when  closed.  This  cover  is  in  two  parts,  so  that  the 
whole  oreech  mechanism  can  be  exposed,  or  only  that  part  of  it  which 
receives  the  cartridges  from  the  feeding-tube.  The  advantage  of  this 
arrangement  is  apparent.  In  about  15  seconds  the  cover  can  be  thrown 
open,  and  the  working  parts,  which  occupy  but  little  space  and  are  ex- 
ceedingly simple  and  strong,  can  be  removed  and  replaced  without  tools 
by  any  man  of  ordinary'  capacity.  The  principal  parts  of  the  breech 
mechanism  are,  the  crankshaft  and  worm  for  rotating  feed  or  earner  rolls ; 
the  "lock-plunger"  with  its  firing-pin,  firinginn  spring,  and  two  ex- 
tractors; two  carrier-rolls  and  shafts  with  gearing,  and  the  feeding-tube. 
The  crank  works  from  the  rear,  and  for  puii>oses  of  diill  or  exei-cise  the 
machinery  can  be  reversed  without  change.    The  lock-i>lttnger  has  two 
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strong  extractors,  operating  positively  and  not  depending  upon  springs. 
Tliese  extractors  gra^p  the  cartridge-shell  on  opposite  sides  and  remain 
locked  until  the  shell  is  ftilly  withdrawn.  The  firing-pin  has  an  elonga- 
tion pointing  downward  which,  as  the  worm  rotates,  is  forced  back  by 
a  cam  on  the  worm,  compressing  the  spring.  The  moment  the  firing-pin 
is  released,  it  strikes  the  primer  of  cartridge  and  discharge  takes  place. 
The  carrier-rolls  are  simply  two  cogged  wheels,  revolving  in  opposite  di- 
rections, and  so  arranged  as  to  receive  between  their  teeth  the  cartridges 
delivered  from  the  feeding-tube;  the  rolls  caiTy  the  cartridges  between 
plunger  and  chamber  of  baiTel,  receive  the  fired  shell,  and,  by  farther 
movement  of  crank,  force  the  shells  to  fall  to  the  ground.  One  entire 
revolution  of  the  crank  fires  and  extracts  tliree  cartridges.  The  feeding- 
tube  consists  of  an  upright  brass  tube,  firmly  set  in  a  socket  directly 
over  the  carrier-rolls;  it  can  be  removed,  if  necoisary,  by  loosening  a  set- 
screw  at  its  lower  end.  This  tube  has  a  slot  on  its  forward  side,  extend- 
ing its  whole  length,  of  a  width  slightly  greater  than  the  diameter  of  the 
cartridge.  It  is  also  slotted  on  its  interior  to  receive  the  head  of  the 
(•artridge,  being  slightly  trumpet-shaped  at  its  top  to  facilitate  the  intro- 
duction of  the  cartridge.  It  will  hold  about  30  cartridges.  In  the  socket 
which  holds  the  feeder  is  a  stop  with  a  milled  head,  normally  held  back 
by  a  spiral  spring  that  allows  the  cartridge  to  fall.  Should  it  be  desirable 
to  stop  the  feed,  the  oi)erator  pushes  in  this  "stop,''  turning  it  slightly  to 
the  left,  it  being  held  in  that  position  by  a  small  pin  entering  a  slot. 
There  are  also  provided  for  service  with  the  gun  fe^ -cases  of  tin,  hold- 
ing 17  cartridges  each ;  the  cases  are  made  by  sim]>ly  tiuiiing  a  piece  of 
tin  about  1  inch  wide  so  as  to  hold  the  hea<ls  of  the  cartridges  by  their 
flange ;  pieces  of  steel  bent  over  the  ends  of  the  case  and  soldered  to  it 
hold  the  cartridges  in  place. 

By  placing  the  case  in  "  fee<ler  "  and  pressing  on  the  top  cartridge,  the 
steel  spring  is  forced  back,  and  cartridges  drop  into  place. 

The  traversing  motion  is  given  by  means  of  an  eccentric,  the  shaft  of 
which  is  connected  by  a  worm  and  gearing  to  the  crank-shaft.  The  eccen- 
tric is  so  arranged  that  the  amount  of  traverse  can  be  regulated  from 
0  in  degi*ees  upward  by  the  person  operating  the  gun,  who  can  spread 
or  reduce  the  space  covered  by  his  fire  according  as  tlie  object  approaches 
or  recedes,  increases  or  diminishes  its  front,  and  this  without  stopping 
the  fire. 

Carriage. 

(See  Plate  4,) 

The  i>eculiar  features  of  this  carriage  are :  the  U-shaped  frame- work 
which  supiK)rts  the  gun  on  its  carriage  and  which  terminates  in  a  ball- 
and-socket  joint,  allowing  the  gun  to  be  moved,  by  means  of  a  worm 
working  in  a  section  of  a  rack  secured  to  socket,  to  the  right  or  left  in 
an  arc  of  a  circle ;  and  the  device  for  giving  the  gun  greater  elevation 
and  depression  than  can  be  obtained  by  using  the  elevating-screw  alone. 
The  whole  frame- work  sui)porting  gun  rests  on  an  elevating-rack,  the 
arcs  of  which  pass  through  slots  on  side  rails  of  tniil,  i>ins  passmg  through 
holes  in  side  rails  and  arcs,  secure  the  rack. 

The  elevating  apparatus  or  screw,  which  in  other  systems  rests  upon 
the  trail  of  carriage,  in  this  case  is  supported  by  a  projecting  arm  from 
the  frame-work  on  which  the  gim  rests,  so  that  the  gun,  instead  of  having 
two  ix)ints  of  support  on  its  carriage,  has  but  one — ^tlie  ball-and-socket 
joint.    The  inventors  claim  as  follows :  '*The  mechanism  of  the  carriage 
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Ih  80  arranged  that  the  gun  can  be  leveled,  a(\justed,  or  trained  to  te 
effective  in  any  position,  either  at  elevation  or  dex)res8ion.  When  opei- 
ating  upon  rough  or  uneven  ground  and  when  frequent  changes  of 
position  are  necessary,  this  arrangement  is  of  much  value,  as  it  enables 
the  gunner  to  bring  the  gun  into  any  desired  position  in  a  very  short 
time.  Attached  to  the  carriage  are  two  skeleton  cages  or  crater,  where 
4,000  caitridges  can  be  deposited  and  carried  with  the  gun,  and  at  the 
same  time  be  within  easy  reach  of  operator.  Three  men  can  work  the  gun 
steadily  and  continuously  when  this  carriage  is  used.  It  is  manufact- 
ured i>rincipally  of  steel  and  bronze,  and  is  adapted  to  either  Army  or 
^avy  use." 

RESULTS  OF  FIRING  AT  SANDY  HOOK,  NEW  YORK  HARBOR. 

On  the  11th  of  September,  1877,  the  gun  was  fired  for  initial  velocity, 
using  Lowell  ammunition,  an  average  of  11  rounds  giving  1,266  feet, 
after  which  1,000  rounds  were  fired  testing  workmgs  of  gun.  The  fol- 
lowing tests  were  then  made  for  rai>idity  of  fire :  561  rounds  fired  in 
3'  2|";  442  rounds  in  2'  19";  1,003  rounds  in  5"  2 J",  and  646  rounds  in  2'. 
A  delay  occurred  in  firing  the  1,003,  occasioncKl  by  the  bursting  of  a 
cartridge  in  the  rolls ;  357  rounds  were  afterward  deliberately  fired  in 
3'  21|". 

A  series  of  34  cartridges  were  next  fired  for  rapidity,  an  average  of 
10  trials  giving  6" ;  6,018  cartridges  were  also  fired  in  27'  19^".  (See 
Appendix  A.) 

September  14  the  gun  was  fired  at  a  target  52'  by  11',  of  1-inch  pine 
boards,  and  200  yards  distant;  1,006  rounds  fired;  all  hit  (see  target 
appended,  Plate  5),  the  traversing  arrangement  being  set  to  its  ftdl  limit 
of  play. 

On  the  15th  of  September  1,015  rounds  were  fired  at  a  similar  target 
500  yards  distant ;  total  number  of  hits  715  (target  apjiended,  Plate  6), 
the  traversing  gear  being  set  at  about  one-half  its  limit  of  play.  Sep- 
tember 20,  the  gun  was  again  fired  1,000  rounds  to  test  the  mechanism. 

Ul)  to  this  time  the  Lowell  ammunition  had  been  exclusively  used. 
With  a  view  of  testing  other  ammunition  in  the  gun,  500  rounds  of 
Bridgeport  ammuiiicion  were  fired  in  2'  50";  this  ammunition  worked 
well,  but  not  quite  as  smoothly  as  the  Lowell,  this  gim  being  more  par- 
ticularly arranged  for  the  use  of  a  solid-head  cartridge. 

On  the  24th  of  October  the  gun  was  fired  deliberately  at  a  target  52' 
by  11',  distant  1,000  yards  (see  target  appended,  Plate  7),  the  wind  blow- 
ing across  line  of  fire  with  a  velocity  of  12  miles  an  hour,  the.  traversing 
gear  being  set  at  0.    Of  1,006  rounds  fired  there  were  407  hits. 

In  all  the  tests  14,905  cartridges  were  fired,  500  of  which  were  made 
at  Bridgeport,  the  remainder  being  Lowell  solid  head.  Of  the  Bridge- 
port cartridges  fired,  6  burst  at  rim  without  leak  of  gas,  and  1  burst  in 
body.    None  failed  to  explode. 

Of  the  Lowell,  14  burst  in  body,  and  in  25  there  was  escape  of  gas 
at  i*ap;  29  failed  to  explode,  13  of  which  number  had  no  ftilminate. 
The  remaining  16  exploded  in  Springfield  rifle,  first  blow.  During  the 
firings,  3  cartridges  burst  in  rolls,  which  is  to  be  attributed  to  the  fol- 
lowing cause :  \\Tien  changing  ban*els  so  as  to  bring  another  into  use, 
the  lever  and  spring  did  not  bring  the  fresh  barrel  exactly  into  line  with 
the  jaws  of  the  rolls,  so  that  when  the  caitridge  was  pressed  forward 
the  bullet  caught  in  the  barrel  and  jammed  there,  and  cartridge  was 
exploded  by  pi-essure  of  block  behind  it. 
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DiSCrSSION  OF  THE   SYSTEM. 

GUN. 

The  principal  features  of  tliis  giin,  diflferent  from  those  used  in  other 
systems,  are  the  feed,  the  double  extractor,  and  the  accessibility  of  parts — 
features  possessing  much  merit.  The  carrier-rolls  prevent  tiie  accumu- 
lation of  cartridges  before  the  lock,  receive  the  shells  as  they  are  with- 
drawn from  the  barrel  and  carry  them  clear  of  the  gun,  all  their  move- 
ments being  positive  and  certain.  The  extractors,  from  the  constructioa 
of  the  "lock-plunger,"  are  obligeil  to  retain  hold  of  the  flange  of  the 
cartridge  until  the  shell  is  delivered  to  the  rolls,  clear  of  the  barrel.  The 
working  parts  of  the  gim  being  so  accessible  can  be  quickly  removed  for 
repairs  or  cleaning,  and,  in  case  the  gun  should  have  to  be  abandoned  in 
the  field,  can  be  readily  disabled  by  removal  of  mechanism.  "Kie  only 
parts  liable  to  disarrangement  or  that  generally  requu'e  cleaning  are  the 
"lock-plunger"  and  the  two  "carrier-rolls." 

The  barrels,  not  being  made  fast  to  the  frame-work,  can  be  "tilted  up,'' 
making  inspection  and  cleaning  an  easy  operation,  but  a  want  of  sta- 
bility and  a  sacrifice  of  accuracy  result. 

CARRIAOE. 

The  carriage  submitteil  with  the  gun  has  so  much  play  in  the  ball-and- 
socket  joint,  the  circular  elevating-rack,  and  elevating-screw  as  to  impair 
the  accuracy  of  fire,  more  especiaUy  at  long  ranges,  so  necessary"  for  army 
uses.  Tlie  trail  itself  is  not  sufficiently  strong  or  rigid  to  prevent  spring- 
ing luider  fire. 

All  these  features,  however,  are  remediable,  and  in  subsequent  firings, 
which  it  is  desirable  should  be  made  with  the  gun,  a  diflferent  carriage 
ought  to  be  used,  in  order  that  the  merits  of  the  gun  system  may  be  more 
fully  tested. 

ACCUBACY  OF  FIRE. 

It  will  be  observ^ed  from  the  records  of  firing  that  at  200  yards  all  of 
the  1,006  rounds  fired  hit  target;  at  500  yards  there  were  715  hits  for 
1,015  rounds ;  and  at  1,000  yards  497  hits  out  of  1,006  rounds  fired.  In 
the  last  case  the  wind  blew  directly  across  the  line  of  fire  with  a  velocity 
of  12  miles  an  hour.  An  examination  of  the  target  plottings  (Plates  5, 
6,  and  7)  shows  for  200  yards  the  greatest  number  of  hits  at  the  extreme 
right  and  left  of  target,  indicating  a  slight  loss  of  motion  of  traversing 
gear  at  extreme  limits  of  oscillation.  At  500  yards  the  shots  were  fairly- 
distributed  over  target  within  limits  of  oscillation,  the  traversing  gear 
being  set  at  half  its  limit  only. 

At  1,000  yards  (oscillator  not  used)  the  want  of  accuracy  due  to  vibra- 
tion of  barrels  becomes  more  apparent,  as  might  be  expected.  The  re- 
sidts  at  500  and  1,000  yards  are  not  as  good  as  those  obtained  with  other 
mitrailleur  systems,  but  this  is  due  principally  to  defects  in  carriage, 
which  have  been  heretofore  explained. 

RAPIDITY  OF  FIRE  AND  NUMBER  OF  MEN  REQUIRED  TO  WORK  THE  GUN. 

In  all  the  firings  at  Sandy  Hook  there  were  three  men  at  the  gun,  one 
at  crank  and  two  supplying  the  cartridges,  which  were  fed  from  feed- 
cases  holding  17  rouncls,  the  feed-cases  being  filled  in  advance  of  the 
firing.    Two  men  are  sufticient  to  work  the  gun  if  filled  feed-ca^es  are 
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near  at  hand,  although  with  three  men  a  more  rapid  firing  is  assured. 
The  greatest  rapidity  was  attained  in  firing  340  rounds  in  1'  4"« 

CONCLUSIONS. 

As  far  as  the  system  in  its  present  shape  is  concerned,  the  Board  has 
decided  that  no  additional  tests  are  necessary  to  be  made  now ;  but,  in 
view  of  the  simplicity  of  the  gun,  the  smoothness  and  regularity  of  the 
workings  of  the  diflferent  parts  (few  in  nimiber),  and  the  general  satis- 
factory results  attained  in  the  present  firings,  the  Boanl  deems  it  im- 
jwrtant  that  additional  trials  be  made,  only,  however,  after  modifications 
are  introduced  in  the  system  as  presented,  having  in  view  more  especially 
the  increasing  of  the  accuracy  of  fire  and  correcting  other  imperfections 
for  army  uses. 

In  the  opinion  of  the  Board,  the  system  should  (if  fully  practicable) 
admit  of  the  use  of  all  makes  of  ammunition,  and  the  carriage  must  be 
so  modified  as  to  insure  greater  accuracy  of  nre. 

RECOMMENDATIONS. 

The  Board  recommends  that  a  new  gun  be  made  for  trial,  embodying 
any  improvements  deemed  practicable  and  desirable  by  the  inventor,  but 
more  especially  those  looking  to  the  insuring  of  increased  accuracy  of 
fire  and  increased  stability  of  the  system ;  the  gun  and  carriage  to  be 
ordered  by  the  department,  and  the  Board  to  be  consulted  as  to  general 
features  and  details  of  the  system. 

APPENDIX  A. 

Record  of  firing  with  Lowell  hattery  gun,  caliber  .45",  at  Sandy  Hook,  New  York  Harbor,  from 

September  11  to  October  24/1877. 


Time. 


j 

1 


1 


Remarks. 


// 


Feet. 

1,255 

1, 249 

1,222 

1,238 

1,247 

1,213 

1,340 

1,328 

1,328 

1,253 

1 1, 252 


II 


'  Fired  into  sand-butt  for  velocities 


3    2} 


2  19 


Fired  into  sand-butt  to  try  mechan- 
ism of  gun. 

Fired  into  sand-butt  for  rapiditj. 


Do. 


Do. 


5    2i 


I 


Do. 


24  J Delay  caused  by  a  cartridge  burst- 
ing in  rolls. 
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Jtecord  of  firing  uith  Lowell  battery  gun^  jc, — Continned. 


Time. 


Bemarks. 


Fired  into  sand-butt  for  rapidity. 
Fired  into  «and*biitt  deliberattdy. 


During  this  6. OIB  rounds  a  cartridire 
jammed  b<^twe«u  baiTel  and  rolLi, 
due  to  making  a  change  of  barreU 
improperly. 

Fired  into  sand-butt  for  rapidity 
and  to  test  endurance  of  ^n. 


15  ...do  ... 

20  ...do  ... 

21  Berdan 
•Oct.      24  LowcU..  1,006 


1,006    One  cartridge  burst  in  rolls :  bullet 

found  in  housing  of  mechanism 
after  trial  was  over,  not  interfer- 
ing with  working  of  mechanism 
I  during  trial.  Ffre<l  at  200-yai'd 
target  for  accuracy  (see  target 
api)ended,  PLit<?  h);  number  of 
hita  in  target,  1,006. 

Fired  at  500-yard  target  for  accu- 
racy (see  target  ap])euded.  Plat« 
6) :  number  of  hits  in  target,  715. 

Fired  to  test  mechanism  of  gun. 

2  50    Fired  into  sand-butt. 

Firing  deliberate,  time  not  taken ; 
wind  12  miles  iter  hour  across  lino 
of  fire:  fiivil  at  l.OOO-yanl  target ; 
number  of  hits  in  target,  497  (se<» 
target  appended,  Plate  7) ;  one  car- 
tridge bui-st  in  rolls,  seven  car- 
tridges foiled  to  explode,  six  of 
which  exphnled  in  Springfield 
ride :  one  had  no  priming.  Burst- 
ing of  cartridge  in  rollH  attribute 
to  the  following  cause:  when 
chantdng  barrels  so  as  to  brin<; 
another  into  use.  the  lever  and 
si>riii2  did  not  briu^  the  frewh 
barrel  exactly  into  Ime  with  the 
jaws  of  the  rolls,  so  that  when 
the  cartridge  was  pivssed  f«>r- 
wanl  the  bullet  caught  in  the 
banvl  and  jniuuie4l  tlu're.  and  car- 
tridge was  explode<l  by  jjressure 
of  block  liehind  it;  upon  opening 
housiugof  mechanism  aft^^rwardii, 
two  cartridges  were  found  jam- 
med in  the  same  jaw  of  the  mils, 
the  baiivl  not  being  in  line  with 
the  jaws  of  the  itills,  preventing 
turnmg  the  crank. 


Total  ..  14.1K)5 14.905 
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WORKINGS  OF  CARTRIDGES. 

Of  the  Bridgeport  cartridges  fii*ed,  6  biiiBt  at  rim  without  leak  of  ga«,  aud  one  burst 
iu  body.     None  failed  to  explode. 

Of  the  Lowell,  14  burst  iu  l)ody,  and  in  25  there  was  escape  of  gas  at  cap;  29  failed 
to  explmle,  13  of  which  number  had  uo  fulminate ;  thy  remaining  16  exploded  in 
Springfield  ritie,  first  blow. 

The  Board,  in  its  report  of  Xovember  8,  1877,  on  the  Lowell  battery 
gim,  recommended  ''  that  a  new  giui  be  made  for  trial  embodying  any 
improvements  deemed  i)raeticable  and  desirable  by  the  inventor,  but 
more  especially'  those  looking  to  the  insuring  of  increased  accuracy  of 
fire,  and  increased  stability  of  the  system ;  the  gun  and  carriage  to  be 
ordered  by  the  department,  and  the  Board  to  be  consulted  as  to  the 
general  features  and  details  of  the  system." 

The  Board  was  induced  to  make  these  recommendations  in  consequence 
of  a  want  of  stability  develoi>ed  in  the  firings  with  the  gun  and  caniage 
submitted,  particularly  in  the  ball  and  socket  joint,  by  means  of  which 
the  gun  was  connected  with  its  carriage. 

This  recommendation  of  the  Board  ha^ing  l>een  api)roved,  and  a  gun 
and  carriage  ordered  by  the  Chief  of  Ordnance  under  date  of  November 
19, 1877,  the  Board,  after  consultation  with  the  Ijowell  Gun  Coini)any, 
decided  upon  the  details,  &c.,  which  w^ere  carried  out. 

In  the  matter  of  a  caniage,  the  Board  decided  to  mount  the  gun  ui>on 
a  6-i>ounder  field  carriage  to  be  selected  from  any  on  hand  in  the  depart- 
ment. 

Tlie  gun  itself  is  iu  general  features  the  same  as  that  described  in  the 
I'eport  of  the  Board  of  November  8, 1877.  It  differs  from  it  in  the  follow- 
ing particulars  only:  The  size  of  barrels  have  been  increased  from 
^tV  ^^  ^iV'  ^^i^^i^^^^J  ^^®  breech-block,  which  was  1^^"  thick^  is  now 
1  A''  5  *^*^  oarrel  supports  have  been  increased  from  }  J"  and  J"  m  thick- 
ness to  1"  and,  IJ",  respectively,  and  the  diameter  of  same  increased  to 
corresi>ond  to  increased  diameter  of  barrels.  The  side  bars  have  been 
increased  iu  size  and  strength,  and  the  trunnions  moved  from  their  for- 
mer position,  6  inches  to  the  fiwnt,  bringing  them  directly  over  the  axle. 
The  ban-el  trunnion  plate  has  also  l>een  move<l  forward  about  2".  A 
slight  change  hiis  also  been  ma<le  in  the  cocking  plate,  to  ob\iate  danger 
from  prematm-e  explosions.  These  changes  are  shown  on  Plate  VIII 
accompanying.    The  weight  of  gun  w ithout  carriage  is  215  pounds. 

CARRIAGE. 

The  desire  of  the  Board  being  to  test  simply  the  gun,  it  was  decided 
to  put  it  upon  a  stable  carriage,  disi)eusing  with  ball  and  socket  joint, 
and  connecting  as  in  the  ''  Gatling.''  A  6-i>oimder  field  gun  was  there- 
fore procured  ftx)m  Watervliet  arsenal  and  sent  to  Chicopee,  that  the 
Lowell  Gun  Company  might  attach  the  gim  to  it.  To  prevent  the  elevat- 
ing screw  from  turning  during  firing,  a  clamp  was  attached  through  the 
trail,  by  means  of  which,  when  the  proper  elevation  has  l)een  given,  the 
screw  is  firmly  held.    (Plate  IX.) 

RESULTS  OF  FIRING  AT  SA:«JDY  HOOK. 

On  the  9th  of  April,  1878,  the  gun  was  fired  deliberately,  five  series 
of  1,003  roimds  each,  into  a  sand-butt,  to  test  the  mechanism  of  the  gun. 
During  this  firing  the  extractor  tore  through  the  rims  of  3  cartridges, 

25  0RD 
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failing  to  extract  them,  but  they  were  readily  removed  by  tipping  the 
barrels  on  their  trunnions,  and  introducing  a  rammer  from  the  front. 
During  the  second  series  the  barrels  were  changed  twice,  in  the  remainder 
but  once.  The  average  time  h>st  in  changing  the  banvls  was  about  17", 
and  the  average  tune  occupied  in  firing  each  series  of  1,003  roiuids,  less 
the  delays  above  referred  to,  was  4'  4.'U". 

To  test  the  rai)idity  of  fire,  six  series  were  fired,  the  greatest  number 
fired  in  any  single  minute  being  308  cartridges,  an  average  of  the  four 
even  minutes  giving  332  cartridges  fired  per  minute ;  these  tour  series 
were  fired  by  different  men  doing  then*  best. 

The  gim  was  then  fired  at  targets  52'  by  11'  made  of  1'  spruce  boards, 
at  distances  of  200,  500,  and  1,000  yards,^^ith  the  following  result* : 

At  the  200-yard  target  1,007  shots  in  aU  were  fired.  Total  hits  1,004, 
miss  fires  3,  with  oscillator  set  at  full  play.    {Plate  X.) 

At  the  500-yard  target,  total  shots  1,003,  total  hits  832,  miss  fires  10. 
During  the  firing  at  this  target  the  oscillator,  which  was  set  at  half  its 
play,  worked  loose,  and  the  latter  half  of  the  series  was  fired  with  the 
gun  at  fidl  traverse.    (Plate  XI.) 

At  the  1,000-yard  target,  total  shots  1,003,  total  hits  605,  of  which  518 
were  direct  and  87  ricochet,  miss  fires  20.  The  traversing  mechanism 
was  set  so  as  to  allow  of  no  play  (Plate  XII).  An  average  of  10  shots 
gave  a  velocity  of  1,208  feet  per  second. 

In  all  10,044  cartridges  of  Frankford  Arsenal  manufaeture  were  fired 
with  but  one  failure  due  to  the  amnumition,  which  was  caused  by  the 
absence  of  vent  holes  in  cup  anvil. 

There  were  in  all  the  firings  GO  miss  fires  in  the  gun,  all  of  which  ex- 
ploded in  Springfield  rifle  on  first  trial  except  4,  3  of  which  exploded  on 
second  trial,  and  the  other  being  the  one  above  referred  to  as  lia>ing  no 
vents  in  cup  anviL 

Comparing  the  results  shown  above  with  those  obtained  in  September 
and  October  last,  and  reported  upon  !N^ovember  8, 1877,  it  will  be  seen 
that  the  last  average  velocity  is  greater  by  32  feet ;  that  the  rapidity  of 
fire  is  about  the  same.  The  acciu*acy  is  better  than  that  obtained  in 
September  and  October  last  at  500  and  1,000  yards,  as  will  be  seen  by 
an  examination  of  the  following  table : 


Firing  of  September  and  Oc- 
tober, 1877. 


Target. 


Total 
!    shots. 


200-y»nl  target 1,006 

.'lOO-yanl  target 1,015 

1,  OOO-yard  target ,      1 ,  006 


Total 
hits. 


1,006 
715 
407 


Mian 
ftrea. 


Firing  of  April,  1878. 


Total 
shots. 


1,007 
1,003 
1,003 


Total 
hiU. 


1,004 
832 
005 


Misfl 
Area. 


3 
10 
20 


The  boanl,  in  concluding,  find  that  in  consequence  of  the  alterations 
made  in  the  gim  its  acciu*acy  and  efticiency  have  been  improved,  par- 
ticulary  at  500  and  1,000  yards ;  tliat  the  gun  is  more  readily  worked 
and  is  now  capable  of  using  any  metallic^  ammunition.  The  imperfec- 
tion noted  in  regard  to  the  oscillator  when^firing  at  500-yard  target  the 
board  does  not  deem  of  any  imi)ortance,  as  it  can  be  readily  connected 
in  future  constnictions. 

BECOMMENDATIONS. 


In  view  of  the  favorable  results  of  the  trials  at  Sandy  Hook,  th^ 
board  recommends  that  a  number  deemed  sufficient  by  the  department 


BEPORT  OF  THE  CHIEF  OF  ORDXANCE. 


387 


of  the  .45"  caliber  giins  be  procured  from  the  Lowell  Giui  Company,  with 
all  the  latest  imi)rovemeiits,  and  sent  to  Waterv'liet  JArsenai  to  be 
mounted  on  giui-carriages  adapted  for  them,  and  that  the  guns  and  car- 
riages suitably  ecpiipped  be  put  in  the  field  for  compaiison  with  other 
machine  guns  now  on  trial  in  ser\ice. 

Record  of  firing  with  Lowell  lattery  guitj  caUher  .4o'',  at  Smdf  Hooky  April  9,  17*,  18,  and 

20,  1878. 


Time. 


1878. 


AprU 


9 
9 
9 
9 
9 


9 
9 
9 
9 
9 
9 


9 


17 


18 


20 
20 
20 
20 
20 
20 
20 
20 
20 


Ammunition. 


1^ 


Frftnkford 

..  .do 

. .  .do 

— do 

do 


.do 
do 
.do. 
.do 
.do 
.do 


.do 


.  .do 


.do 


1,003 
1,003 
1,003 
1,003 
1,003 


312 
294 
30 
3.'>4 
308 
648 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


1,007 


1,003 


1,003 


I 


/    // 


5    4 

5  19 

5  10 
7  25 

6  50 


1 
1 

4* 

1 

1 
2  15 


// 


4 

35 

13 

3    5 

2  15 


4 

h 


I II 


5 

4  44 
4  57 
4  20 
4  35 


6  27 


o 

> 


Remarka. 


1,316 
1,290 
1,313 
1.290 
1,303 
1.281 
1,305 
1,290 
1,296 
1,298 


These  5  serieB  of  1,003  each  wero  de- 
liberately tired  into  aandbntt  to  te«t 
mechanism  of  gun.  In  the  4th  and  5th 
series  the  extractor  tore  throagh  the 
rims  of  3  cartridges,  failing  to  ex- 
tract them,  causing,  with  toe  time 
occupied  in  shifting  barrels,  the  de- 
lays noted.  The  barrels  were  shifted 
only  once  in  all  the  series  except 
the*  second,  when  they  were  changed 
twice. 

^  Fired  into  sand-butt  to  test  rapidity  o 
firing. 

In  the  first  1 1  series  27  failed  to  explode, 
6  of  which  were  run  through  gun 
second  time,  not  exploding ;  all  out 
one  exploded  in  Springfield  rifie ;  fail- 
ure of  latter  due  to  there  being  no 
vent  holes  in  cup  anvil. 

Fired  at  200-rard  target.  Total  number 
of  hits,  1.004 ;  3  miss  fires ;  all  exploded 
on  first  trial  in  Springfield.  Cams 
oiled  once,  and  barrels  not  cleaned 
during  above  firing. 

Fired  at  500-yard  target.  Total  number 
of  hits,  832;  10  miss  fires.  The  tra- 
versing mechanism  was  set  so  as  to 
allow  the  barrels  to  traverse  only  half 
its  limits.  After  firing  about  600 
rounds  the  set  screw  worked  loose, 
and  the  remaining  rounds  were  fired 
with  gun  working  full  traverse.  Of 
the  ten  miss  fires  all  exploded  on  first 
trial  in  Springfield  rifle. 

Fired  at  l.OOO-vartl  target.  Total  num- 
ber of  hits,  605 ;  direct  hits,  518 ;  rico- 
chet hits,  87;  20  miss  fires.  The  trav- 
ersing mechanism  was  set  so  as  not  to 
allow  of  any  traverse.  Of  the  20  miss 
fires  all  but  3  exploded  on  first  trial 
in  Springfield  rifle ;  these  3  exploded 
on  second  trial. 


'  ^  Fired  in  .nand-bntt  for  velocity. 


PLATE  III. 


LOWELL    BATTERV   GUN, 

Mounted   on  a  Tripod 


LOWELL    BATTEHY  GUN, 

Thrown    op<*n    for  In!«pe<;tion. 


«*^- 


Th«  Ordnnnce "Board  conrvncd  undsr  •rdm  of 

the  War  Befn  SON*  IZf  af  June  27,  187ft 

Capt  af  OrAnano*. 

Recordtr. 


Aoconpaajriag  Appaadu  8. 1878 
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APPENDIX  SI. 

TRIAL   OP    THE    TAYLOR   BATTERY    GUX,   CALIBER   A3, 

MAY   6,   1878. 

(Seven  plates.) 

DES(.^RIPTION   OP  THE   TAYLOR   BATTERY    GUN,   CALIBER   0".43  (FUR- 
NISHED BY  THE  INVENTOR). 

Tliis  gun  is  an  invention  of  James  P.  Taylor,  of  Tennessee. 

Plate  I,  Fig.  I,  of  the  accompanjing  drawings  is  a  perspective  view  of 
the  gim  npon  its  carriage. 

Plate  II,  Fig.  II,  represents  a  vertical  longitudinal  section^^tlirough 
the  breech  of  the  same  in  a  central  plane. 

l^late  III,  Fig.  Ill,  represents  a  vertical  transverse  section  on  the  line 
l\'3j  Fig.  II,  looking  rearward. 

Fig.  IV  is  a  plan  view  of  a  iwrtion  of  the  same. 

Fig.  V  is  an  elevation  of  a  cartridge-ca*se  or  package  as  shippeil. 

Fig.  VI  is  an  elevation  of  the  same  as  opened  and  passed  to  the  gun. 

Fig.  VII  is  a  plan  of  the  same  empty. 

The  Taylor  machine  gun,  as  shown  in  the  drawings  above  referred  to, 
has  in  the  gun  proper  a  horizontal  range  of  parallel  rifle  barrels,  B,  five 
in  number,  of  0".43  caliber,  securely  united  to  each  other  and  to  a  hollow 
breech,  C,  which  contains  the  firing  mechanism,  &c.,  and  supports  upon 
its  top  the  cartridge  hopper  H.  A  hand-crank,  cf  (Fig.  I),  at  the  right- 
hand  side  of  breech,  operates  a  transverse  shaft,  S,  common  to  the  firing 
mechanism,  &c.,  of  all  the  barrels. 

Tlie  gun  lia*s  been  mounted  upon  a  thoroughly  ftu*nished  field  ciirriage, 
as  shown  in  Fig.  I,  by  means  of  a  pair  of  trunnions,  f,  attached  to  for- 
ward extension  of  the  sides  of  the  breech  and  joumaled  in  a  swiveled 
saddle,  8  «,  immediately  over  the  carriage  axle  and  by  a  vertical  elevating 
screw,  €8j  raised  and  lowered  by  a  s^^iveled  hand  nut,  hn. 

Between  the  elevating  screw  e  s  and  the  breech  a  device  for  spreading 
the  fire  is  interi>osed.  This  de>ice  consists  of  a  hollow,  laterally  extended 
head,  A,  swiveled  to  the  screw  c  «;  a  slide. »  /i,  working  in  this  head  and 
attached  by  ball  and  sockets,  h  «,  to  the  oottom  of  the  breech ;  a  hand 
lever,  I «,  extendhig  rear^^ardly  through  said  slide  from  a  fidcrum  on 
said  head ;  and  a  pair  of  stop-jaws  within  said  head  adjusted  to  any 
desire<l  distance  apart  by  means  of  a  right  and  left  screw-shaft  operated 
by  a  hand  wheel,  h  ir,  at  it«  left-hand  end.  A  folding  seat,  /«,  npon  the 
trail  of  the  carriage  accommodates  a  man  in  convenient  position  to  ma- 
nipulate the  spreading  lever  {  8  by  means  of  his  left  hand,  while  with  his 
right  he  turns  the  firing-crank  cf.  A  folding  breech-sight, «',  and  a  rigid 
iront  sight,  «*,  are  attached  resi)ectively  to  the  top  of  the  breech  and  to 
the  top  of  the  barrel  frame  F  in  line  with  the  right-hand  barrel.  Other 
ai)purtenances  of  the  gun  seen  in  Fig.  I  and  not  in  the  other  figiu^s  re- 
([uire  no  particular  description. 

The  features  of  peculiarity  in  the  gun,  apart  from  details  of  mechani- 
cal workmanship,  are  comprised  in  the  parts  within  and  upon  the  breech. 
These  are  shown  on  a  larger  scale  in  Figs.  II,  III,  and  IV ;  and  the 
peculiar  mode  of  packing  the  cartridges,  which  is  an  auxiliary  feature, 
is  illuBtrated  on  a  like  scale  in  Figs.  V,  VI,  and  VII  (Plate  III). 
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The  gun  is  designed  for  center-primed  fixed  ammunition  of  a  standard 
rifie  range;  and  packed  as  aforesaid,  the  same  is  designed  and  adapted 
to  be  distributed  indiscriminately  to  infantry  and  the  machiue-gim 
batteries.  Each  case  or  package  contains  twenty-five  cai*tridges  in  five 
rows  of  five  each,  \^ith  their  heads  abutting  against  each  other  at  a 
certain  distance  from  the  top  of  the  lower  part  of  the  case,  as  illustrated 
by  Fig.  VI.  The  ball  ends  are  kept  at  the  proper  distance  apart,  and 
in  proper  position,  as  illustrated  in  Fig.  YII,  by  means  of  crosse<i  strips 
of  straw-board  within  the  case,  which  is  of  the  same  material. 

The  ammunition  is  passed  to  the  gun  as  illustrated  in  Fig.  TI:  the 
heads  of  the  cartridges  being  first  pressed  for  an  instant  against  a 
gauge-plate,  g  p,  which  is  elevated  while  in  use,  as  shown  in  Fig.  I. 
The  case  is  now  lowered,  with  the  top  row  of  cartridges  in  horizontal  or 
nearly  horizontal  positions,  and  the  heads  of  all  the  cartridges  are  thus 
instantly  arranged  with  the  utmost  faciUty  behind  six  guide  fingers,  gf. 
which,  with  a  fixed  gauge-plate,  g  p^j  behind  the  same,  projects  upwanl 
from  the  top  of  the  hopper  H.  The  cartridge-case  is  immediately  with- 
drawn, leaving  the  cartridges  equally  distributed  between  the  fingers, 
which  conduct  the  same  downward  and  laterally  to  five  feed-port«,  be- 
hind and  in  line  with  the  respective  barrels.  Owing  to  the  mode  of 
packing  the  cartridges  in  equal  rows,  it  makes  no  dift'erence  which  side 
of  the  case  the  fingers  enter.  A  gauge-slide,  carrying  spring-tongues 
which  project  into  the  isaid  feed-ports,  regulates  the'length  of  the  latter 
for  ball  cartridges  and  blanks  or  for  cartridges  of  dift'erent  lengths, 
and  supports  the  front  ends  of  the  same.  Another  set  of  spring-tongues 
are  attached  within  the  rear  ends  of  the  feed-poris.  The  throats  or 
interspaces  between  the  fingers/ (7,  except  the  middle  sjmce,  diverge,  in 
order  to  distribute  their  contents,  as  shown  in  Fig.  Ill,  and  all  the 
hopper  attachments  above  described  are  supported  by  a  cam-plate, 
which  is  hinged  at  it«  front  edge,  so  as  to  turn  forwanl  over  the  barrels 
to  expose  the  parts  beneath.  The  lower  part  of  the  hopi>er  is  also 
attached  to  the  breech  by  parallel  swinging  links  for  the  same  puri>o8e. 

Beneath  the  cam-plate  of  the  hopper  H  the  cartridges  are  received  by 
"valves,"  h  v,  which  are  beneath  and  in  line  with  the  respective  feed- 
ports  when  the  hopper  is  closed  for  firing,  as  represented.  Each  of 
these  valves  is  composed  of  two  pivoted  parts,  pressed  into  a  certain 
position  by  springs,  and  adai>ted  to  assume  a  certain  second  i>osition. 
In  the  latter  position  of  said  parts,  the  valve  receives  a  cartridge  into  a 
trough  formed  by  the  two  parts.  In  the  first  position  of  said  parts,  tbe 
cartridge  is  dropped  into  the  breech-chamber  behind  the  bore  of  the 
barrel.    Both  positions  are  illustrated  in  Fig.  III. 

Longitudinal  partitions,  P,  and  wall  plates,  P',  in  the  lireech  form  the 
breech-chambers  behind  the  respective  baiTcls,  and  form  guides,  &c., 
for  a  series  of  sliding  "locks,"  L,  and  their  appurtenances,  by  which  the 
said  hopper-valves  are  operated  as  aforesaid  and  all  the  subsequent 
operations  are  performed ;  said  locks,  &c.,  being  actuated  by  a  series  of 
cams.  A,  on  the  shaft  S.  Said  operations  of  the  hoi>i>er-valves  is  ac»com- 
plished  by  an  incline  at  the  forward  end  of  each  lock-plunger  at  top 
(see  Fig.  11)  and  a  corres])onding  incline  on  the  rear  end  of  each  part  of 
each  hopper- valve  at  bottom. 

AMien  the  lock  in  the  corresponding  breech -cli an il>er  is  retracted,  the 
released  parts  of  the  valve  assume  their  first  or  normal  position,  and 
the  cartridge  is  drop])ed. 

Within  the  said  breech-chamber  the  cartridge  is  an-ested  by  a  sectional 
floor,  /,  of  trough  shape,  the  parts  of  which,  like  those  of  each  hopi)er- 
valve,  have  two  positions,  both  illustrated  in  Fig.  III.    In  the  firet  or 
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normal  position  of  said  parts  of  said  floor,  tbey  receive  the  dropped 
cartridge  as  aforesaid,  and  support  the  ball  end  of  the  same  in  line  with 
the  bore  of  the  corresponding  barrel.  The  lock  L  now  advances  and 
drives  the  cartridge  partially  into  said  bore ;  and  then,  after  opening  the 
floor  /,  so  as  to  clear  the  flange  of  the  shell,  comi)letes  the  operation  of 
driving  the  cartridge  home.  In  this  operation,  a  pair  of  driving  shoul- 
ders, d  8.  (Fig.  II.)  on  the  coiTesi)onding  cam  A,  engaging  with  match- 
ing shoulders  within  the  bifurcated  yoke  or  carrier  of  the  lock,  carry  the 
latter  forward,  and  lateral  bevels  at  the  front  end  of  the  lock-plunger, 
engaging  with  cam  arms,  c  «,  (Fig.  Ill)  to  which  the  respective  parts  of 
said  floor,  /,  ai'e  attached,  open  said  floor  at  the  proper  moment,  as 
above  described.  It  is  closed  by  springs  of  wluch  said  cam-arms  are 
extensions. 

A  pair  of  guide-springs,  </«,  immediately  above  each  floor,/,  support 
each  cartridge  laterally  in  liwe  with  the  corresponding  bore,  and  are 
pressed  into  i^ecesses  in  the  walls  of  the  breech-chamber  by  the  advanc- 
ing front  end  of  the  lock. 

Each  cartridge  is  tightly  clamped  in  the  barrel,  preliminary  to  firing 
and  during  this  oi)eration,  by  means  of  the  corresponding  lock,  which  is 
held  for  said  purpose  in  it«  most  advanced  position  by  means  of  a  con- 
centric perix)herdl  surface,  on  its  cam  A,  engaging  with  matching  sur- 
faces within  the  yoke  of  the  lock.  The  position  of  all  the  parts  in  one 
breech-chamber  immediately  before  firing  is  illustrated  in  Fig.  II,  at  the 
plane  of  section. 

An  axial  firing-pin, /|>,  projected  by  a  coiled  spring, «/,  is  provided  in 
each  lock.  One  is  shown  in  cocked  position  in  Fig.  II.  Said  pin  has  a 
head  at  its  rear  end  to  which  a  cocking  slide  in  the  form  of  a  detent-hook, 
d  hj  is  attached  by  a  loose  knuckle  joint,  and  the  head  of  said  hook 
engag:es  with  a  detent-shoidder,  8  d,  at  the  top  and  rear  end  of  the  groove 
in  which  said  hook  slides.  Said  hook  is  made  to  so  engage  by  means  of 
a  projection  or  rib,  r,  on  the  snatching  side  of  the  corresponding  cam 
A.  The  outer  end  of  this  rib  just  comes  in  contact  with  an  inward  pro- 
jection, 2>,  on  the  head  of  the  detent-hook,  and  being  suitably  beveled, 
presses  said  hook  outward  until  said  projection  clears  said  rib.  The 
hook  is  subsequently  drawn  inward  by  the  lateral  wall  of  its  guide-groove, 
and  said  i)rojection  is  thus  brought  behind  said  rib,  r.  As  the  dri\'ing 
shoulders  d  s  continue  to  act,  said  rib  supports  said  detent-hook,  d  hy  by 
means  of  said  projection,  Pj  until  the  head  of  the  hook  engages  with  said 
detent-shoidder,  8  d.  Said  rib  then  passes  out  of  contact  with  said  pro- 
jection, but  the  detent-hook  remains  engaged  with  the  detent-shoulder, 
and  during  the  remainder  of  the  forward  movement  of  the  lock  the  firing- 
pin  is  cocked  by  being  kept  stationary  with  its  detent-hook,  while  the 
remainder  of  the  lock  advances.  The  position  of  the  parts  at  this  stage 
is  illustrated  as  aforesaid  by  Fig.  II.  At  the  i)roper  moment,  a  trippuig 
pix)jection  on  the  cam,  coiues  in  contact  with  said  projection,  j),  on  the 
detent-hook^  and  disengages  the  latter  from  the  detent-shoulder,  8  d. 
The  tiring-pin  is  then  instantly  projected  by  its  si)ring,  «/,  and  the  car- 
tridge is  exi)loiled. 

For  retracting  the  empty  shells  from  the  respective  barrels,  a  pair  of 
sliding  retractors  are  attached  to  the  sides  of  each  lock  at  its  forward 
end.  The  front  ends  of  these  retractors  are  the  customaiy  beveled 
hooks,  and  ai*e  adapted  to  spring  apait  as  they  are  forced  past  the  rim 
of  the  shell  into  recesses  pi-oWded  for  their  reception  in  the  breech  of  each 
barrel.  The  reti^action  of  each  lock  is  accomplished  by  the  same  driving 
shoulders,  d  «,  of  its  cam.  A,  engaging  with  matching  shoulders  at  the 
Tear  edge  of  the  lock-yoke  at  bottom.    During  the  movement  thus  im- 
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parted,  the  shell-retractors  remain  stationary  until  the  point  of  the  firing- 
pin  is  clear  of  the  shell,  and  then,  by  their  guide  lugs  and  screws  reach- 
ing the  fix)nt  ends  of  the  slots  which  provide  said  dwell,  the  retractors 
travel  with  the  remainder  of  the  lock  and  draw  the  shell  out  beyond 
the  floor  /,  where  an  ample  opening,  o,  at  bottom  provides  for  its 
escape. 

The  gravity  of  the  shell  is  not,  however,  depended  ou,  but  at  the 
proper  nioment  an  ejector,  pivoted  in  the  top  of  each  lock,  strikes  each 
shell,  and  drives  it  forcibly  out  of  the  grasp  of  the  retractor  through 
the  said  opening  o  beneath,  from  which  it  falls  clear  of  the  gun.  Each 
ejector  is  operated  by  bevel  inclined  and  sunken  surfaces  fortned  on  the 
tops  of  the  partitions  and  wall-plates  of  the  breech  through  the  medium 
of  laterally  projecting  pins, |>^l>^,  \nX\\  which  the  ejector  is  provided  on 
the  respective  sides  of  its  pivot. 

Immediately  after  the  ejection  of  a  shell  from  a  given  chamber,  the 
lock  of  said  chamber  releases  the  eoiTesi)onding  hopper- valve,  and 
another  cartridge  is  deposited  in  front  of  the  lock  upon  the  floor  of  said 
chamber  in  readiness  for  the  repetition  of  the  loading,  firing,  and  shell- 
ejecting  oi)eration8  above  described. 

The  cams  A  are  so  arranged  as  to  operate  the  locks  L  in  succession. 
The  firing  is  consequently  continuous,  while  the  hopper-chambers  are  all 
fed  simultaneously. 

Beginning  with  the  lock  at  the  left  hand  side  of  the  gun  in  the  posi- 
tion in  which  it  is  shown  in  Fig.  IV,  and  with  the  top  of  the  breech  fully 
ojiened,  as  illustrated,  the  detent-hook  of  this  lock  can  be  sprung  out 
and  removed ;  and  after  the  dismantled  lock  is  driven  fons'ard  until  a 
guide-lug  at  its  front  end  appears  in  a  notch,  5r,  the  lock  can  be  lifted 
bodilv  out  of  the  breech.  Access  can  then  be  had  to  the  detent-hook  at 
the  next  lock,  and  in  like  manner  all  the  locks  can  thus  be  removed  in 
succession. 

The  hand-crank  cfoi  the  shaft  S  is  attached  by  a  spring-catch,  y,  so 
as  to  render  it  quickly  removable  at  will  to  render  the  gun  inoperative 
temporarily ;  and  the  bearings  of  said  shaft  have  caps,  x,  attached  by 
screws,  so  as  to  render  the  shaft  with  its  cams  removable  after  the  locks 
are  taken  out. 

The  partitions  P  of  the  breech  can  now  be  lifted  out,  being  simply 
held  in  place  by  dovetailed  sockets,  tr,  at  both  ends  of  each,  as  shown 
in  Fig.  IV,  and" the  wall-i)lates  P*  P*,  which  tbiin  the  outer  guides,  &c.y 
can  be  removed,  being  attached  by  four  screws  in  each  side  of  the 
breech. 

The  gun  can  thus  be  very  quickly  dismantled,  or  access  can  be  had 
to  any  of  its  working  parts  at  will;"  and  if  either  lock  should  became 
disabled,  it  could  be  quickly  removed  and  the  others  would  then  be 
effeetive. 

The  gun  is  adapted  to  be  made  with  any  desired  number  of  bari'els 
without  change  of  plan,  and  the  parts  belonging  to  the  respective  bar- 
rels may  be  interchangeable,  so  as  to  be  substituted  for  each  other  or 
replaced  from  the  manufactory  with  the  utmost  facility. 

Other  general  advantages  claimed  for  the  gun  are : 

(1.)  Economy,  great  certainty  and  rapidity  in  loading,  owing  to  the 
transfer  of  the  ammunition  directly  to  the  gun  from  8imi>le  paper  boxes, 
n  which  the  same  is  packed  for  transportation  at  the  cartridge  faetory. 

(2.)  Simplicity  and  compactness,  Mith  certainty  in  the  firing  and  shell- 
ejecting  mechanism. 

(3.)  EflTective  supixjrt  against  recoil  in  line  with  the  respective  barrels 
as  affortled  by  the  operating  cams. 
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(4.)  Convenience. of  access  to  the  working  parts  of  the  gun  without 
dismantling  the  same. 

(5.)  Simplicity  and  convenience  of  means  for  manipulating  the  gun  in 
action. 

Special  features  of  present  gun : 

(1.)  The  combination  of  the  breech-block,  the  series  of  barrels  arranged 
in  a  horizontal  plane,  the  sliding  locks  or  plungers,  and  the  cams  or  ec- 
centrics carried  by  a  shaft  transverse  to  the  barrels,  and  actuating  the 
locks  or  plungers  in  succession. 

(2.)  Tlie  cams  constructed  with  concentric  front  and  rear  portions  to 
cause  a  dwell  of  the  plunger  at  each  extremity  of  its  stroke. 

(3.)  The  breech-fi^ame  constructed  with  removable  longitudinal  bars. 

(4.)  A  feeil-plate  constructed  with  flanged  grooves  or  guides  adapted 
to  receive  and  draw  the  cartridges  from  the  cases  in  which  they  are 
])acked  and  convey  them  to  a  feed  opening  or  openings  of  suitable  char- 
acter. 

(5.)  A  hopper  or  feeder  constructed  with  flanges  or  grooves  for  the 
I'eception  of  the  cartridges  and  divergent  throats  to  conduct  them  to  the 
breech-chamber. 

(6.)  A  feeder  for  machine-guns,  consisting  of  a  series  of  parallel  bars, 
with  spaces  for  the  automatic  arranging  or  assendiling  of  the  cartridges 
with  their  i>oints  in  corresponding  position  preliminarj'  to  their  intro- 
duction into  the  breech  or  charge-chamber. 

(7.)  The  blades  or  fingers  for  drawing  cartridges  by  their  flanges  from 
cases  in  which  they  are  packed. 

(8.)  The  combination  of  a  series  of  cams  carried  by  a  through  shaft, 
and  a  series  of  followers  biftircated  to  pass  the  said  shaft  when  operated 
by  the  cams. 

(9.)  The  cams  with  their  shoulders  in  combination  with  the  lock-car- 
riers or  yokes  and  their  shoulders  acted  on  by  the  said  cams. 

(10.)  The  sliding  lock-carriers  or  yokes,  each  having  a  biftircatibn  to 
adapt  it  to  pass  the  shaft,  and  a  vertical  slot  for  the  passag-e  of  the  o^- 
rating  cam. 

(11.)  The  combination  of  the  operating  cams,  the  lock-carriers  (or 
yokes)  and  the  sliding  locks  or  plungers  constructed,  connected,  and  ope- 
rated as  shown. 

(12.)  The  feeding-hopi>er  provided  with  the  oscillating  valves  in  com- 
bination with  the  sliding  locks  or  followers  and  their  top-plates  for  ope- 
rating the  said  valves. 

(13.)  The  combination  of  the  flring-pins  and  the  removable  cocking- 
slides. 

(14.)  The  spring  guiding-jaws  in  combination  with  the  firing-chambers 
and  extractors,  and  the  ejectors  for  knocking  the  shells  out  from  between 
said  jaws. 

(15.)  The  plate  or  blade  projecting  down  within  each  hopper-throat  to 
sen^e  as  a  guide  for  the  points  of  the  cartridges,  and  adjustable  by  means 
of  a  set-screw  to  suit  cartridges  of  different  lengths. 

(16.)  The  combination  with  the  guide-plates  or  fingers  and  the  fixed 
back  plate  of  the  extension  gauge-plate  to  serv'e  as  a  guide  in  introducing 
the  cartridges. 

PROPOSED  MODIFICATIONS. 

Fig.  VIIL  Plate  IV,  accompanying,  represents  a  vertical  longitiulinal 
section  of  tne  breech  of  an  improved  gun,  which  was  illustrated  by  a^ 
wooden  model  at  the  test  of  the  gun  above  described. 
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Fig.  IX,  Plate  V,  represents  a  vertical  transverse  section  of  the  same 
on  tlie  line  3-3,  Fig.  YIII. 

Fig.  X,  Plate  V,  is  a  plan  of  one  of  the  breecli-chambers  and  the  part^ 
therein. 

Fig.  XI,  Plate  IV,  is  a  perspective  ^iew  of  portions  of  one  of  the  im- 
proved shell-extractors  and  then*  appurtenances. 

Fig.  XII,  Plate  IV,  is  a  top  ^iew  of  the  same  parts. 

Figs.  VIII  andX :  111  represents  the  barrels ;  2,  the  breech-block;  3, 
the  breech -frame ;  4,  the  breech-cover ;  5  5,  hopper  fingers ;  G,  fixed  gauge- 
I)late  behind  fingers  5;  7,  extension  gange-plates ;  7»,  set-screws  for 
holding  the  latter ;  8,  the  actuating-cams ;  9,  their  shaft ;  10,  the  sliding 
locks  or  followers ;  11,  the  driving-crank ;  12,  shoiUders  or  flanges  on 
cams  8;  13, 14,  lugs  or  flanges  engaged  by  12;  15,  the  bifurcated  lock- 
earners  or  yokes  which  are  proAided  with  13, 14. 

Each  sliding  lock  or  follower  carries  a  flring-pin,  17,  attiiched  to  a  slide, 
18,  which  works  within  the  lock-carrier  15,  and  is  formed  with  a  later- 
ally-projecting lug,  19,  ynth  which  engages  a  latch,  20,  pivoted  at  its 
lower  end  and  made  suflftciently  elastic  to  admit  of  it  being  deflected 
laterally  to  release  the  lug  19.  16  is  a  rod  sliding  within  the  lock-car- 
rier, and  grooved  longitudinally  on  one  side  so  as  to  work  over  a  guiding- 
pin,  which  limits  its  forward  movement.  21  is  a  vertically  sUding  stop 
held  in  position,  as  illustrated  in  Fig.  VIII,  by  a  spring-catch,  21»,  and 
serving  to  receive  the  impact  of  the  forward  end  of  the  sliding-rod  IC 
at  each  forward  stroke  of  the  lock-carrier,  so  as  to  press  back  the  latch 
20,  carrying  \iith  it  the  firing-pui  17,  in  readiness  tor  the  firing  action, 
which  is  ettected  by  the  contact  of  the  side  of  the  revolving  cam  with  a 
projecting  end  of  the  latch  20,  throwing  the  latter  ofi'  fi-om  the  lug  19, 
and  thus  releasing  the  firing-i>in.  22  is  the  spring  by  which  the  firing- 
pin  is  driven  forward  when  released. 

By  retracting  the  spring-catch  21*  tlie  stop  21  may  be  drawn  down  as 
illustrated  in  dotted  lines  in  Figs.  VIII  and  IX,  so  that  it  will  ofler  no 
resistance  to  the  sliding-rod  10  when  it  is  desired  to  suspend  the  opera- 
tion of  the  firing  mechanism.  At  each  backwaiti  stroke  of  the  lock- 
carrier  the  lug  19  of  the  firing-pin  slips  i>ast  the  laterally-sliding  latch 
20,  so  as  to  be  caught  thereby,  the  backward  movement  of  the  latch 
being  stopped  at  this  point  by  contact  with  the  shaft  9. 

The  cartridge-extractor  consists  of  a  pair  of  jaws,  23  (Figs.  IX  and 
X),  fitted  on  each  side  of  the  sUding-lock  or  followers,  and  having  lim- 
ited longitudinal  play  thereon.  These  jaws  slip  over  the  flange  of  the 
cartridge  when  the  sUding-lock  or  follower  comes  in  contact  therewith, 
and  pass  with  it  into  the  breech-chamber,  passing  between  a  pair  of 
cheek-plates,  24,  which  are  carried  by  a  rod,  25,  attached  to  a  yoke,  26, 
actuated  by  a  cam,  27,  on  the  driving-shaft  9,  in  such  a  manner  that  when 
the  jaws  23  are  required  to  hold  the  cartridge  flange  firmly  for  the  jmr- 
pose  of  withdrawing  it  from  the  gun,  the  cheek-plates  24  will  advance 
on  both  sides  of  the  jaws  so  as  to  hold  them  firmly  to  their  work.  In  Fig. 
XII  the  cartridge  extractor  are  shown  in  an  intermediate  ix)sition, 
which  they  reach  shortly  after  the  commencement  of  their  forward  mo- 
tion. They  tlien  pass  forward  between  the  cheek -i)lates  and  around  the 
flange,  after  which  the  cheek-plates  are  moved  forward  to  the  oblique 
shoulders,  where  they  are  firmly  held,  so  that  when  the  jaws  are  re- 
tracted they  are  pressed  tightly  between  the  plates,  thus  eftei^tually  pre- 
venting the  escape  of  the  cartridge  shell  from  the  jaws.  The  cheek- 
plates  afterward  receive  a  backward  motion,  so  that  the  spring-jaws 
may  be  fi^ee  to  pass  over  the  flange  at  their  next  forward  movement.    The 
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forward  position  of  the  parts  which  they  occupy  in  retracting  the  shell, 
in  readiness  for  its  ejection,  is  represented  in  Fig.  XI. 

28,  28,  represent  the  hopper- valves,  and  29  their  springs. 

Each  of  the  ejectors,  by  which  the  shells  are  expelled  fix)m  the  gun 
after  they  are  extracted  by  the  retracting  followers,  consists  of  a  lever 
of  peculiar  shape  constructod  with  a  long  horizontal  arm,  30  (Fig.  XIII, 
Plate  V),  and  a  short  vertical  arm,  31,  the  latter  of  which  projects  into 
a  groove  m  the  top  of  a  sUding  follower,  and  receives  the  impact  of  a 
pin  or  tappet,  35,  just  before  the  follower  xeaches  the  rear  termination 
of  its  stroke  so  as  to  impart  a  sudden  downward  movement  to  the  hori- 
zontal arm  30  and  strike  the  shell  with  a  sharp  blow,  throwing  it  quickly 
from  the  gun.  This  effect  is  assisted  by  the  spring  guides  32,  32,  be- 
tween which  the  cartridge  shell  rests,  and  which  are  pressed  together  by 
their  elasticity,  affording  sufficient  resistance  to  the  ejection  of  tiie  car- 
tridge to  cause  it  to  1^  thrown  out  with  a  more  rapid  motion.  The 
spring  guides  32  also  serve  to  center  the  cartridge  in  the  loading  cham- 
ber in  line  with  the  axis  of  the  filing-chamber,  in  readiness  to  be  in- 
serted therein,  and  secure  it  against  slipping  and  falling  out  when  the 
gun  is  elevated.  They  serve  also  as  guides  for  the  extractors  and  the 
cheek-i)lates  which  hold  the  same. 

33  represents  the  adjusting-i)late  of  the  hopi>er,  and  34  its  clamp- 
screw. 

The  operation  of  the  parts  is  grax>hically  illustrated  in  Figs.  VIII  and 
IX,  and  requires  no  further  description. 

Fig.  IX  also  illustrates  another  proix>sed  change,  to  wit,  the  making  of 
the  divergent  passages  which  lead  Irom  the  feeding  Angers  curved  instead 
of  angular  and  of  greater  height,  so  as  to  more  fully  insure  the  free  move- 
ment of  the  cartridges  in  the  outer  passages. 

Fig.  X  illustrates  still  another  change,  which  consists  in  making  each 
lock-carrier  or  yoke  single  and  of  one  piece,  instead  of  double  and  of  two 
pieces,  as  heretofore. 

The  additional  claims  as  to  originality  allowed  on  the  above  imi)rove- 
ments  are  as  follows : 

(1.)  The  lock-carriers  or  followers  10,  constructed  as  herein  shown 
and  described,  and  carrying  the  firing-pins,  and  the  de\'ices  for  retracting 
and  releasing  the  same,  as  explained. 

(2.)  The  combination  of  spring  firing-pin,  the  latch,  the  sliding  rod,  and 
the  stop,  with  the  cam  adapted  to  retract  said  latcn  and  cause  the  dis- 
charge of  the  piece,  as  explained. 

(3.)  The  combination  with  the  fiiing-pin,  sliding-rod,  and  latch,  of  a  re- 
tractable stop  to  prevent  the  operation  of  the  firing-mechanism  when  de- 
sired. 

(4.)  A  machine-gun,  pro\ided  ^ith  cartridge  extractors,  23,  and  a  lock- 
ing de\ice,  24,  moved  relatively  to  the  said  extractors  by  an  independ- 
ent connection  with  the  main  shaft,  substantially  as  set  forth. 

• 

RESULTS  OP  FIRING  AT  SANDY  HOOK,  NEW  YORK  HARBOR. 

(See  Appendix  A,  and  Plates  VI  and  VII.) 

On  the  16th  of  May  the  gun  was  fired  for  initial  velocity,  using  folded 
head  cartridges,  an  average  of  10  rounds  giving  a  velocity  of  1,297  feet 
l>er  second.  The  gun  was  then  fired  to  test  its  mechanism,  1,000  rounds 
each  of  folded  and  solid  head  cartridges  being  used.  During  the  firing 
of  the  first  series  the  gun  was  clogged  four  times,  caused  by  cartridges 
not  dropping  into  proper  i>o8ition  to  be  forced  into  the  chamber,  and 
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during  the  second  series  the  gnn  was  clogged  six  times,  due  to  the  same 
cause,  one  of  the  six  cartiidges  jamming  in  the  chamber. 

The  next  firings  were  for  rapidity,  using  850  solid  and  1,077  folded 
head  cartridges,  or  1,927  in  all ;  the  gi*eatest  number  fired  in  any  single 
minute  l>eing  430.  During  the  filings  for  rapidity  four  delays  occurre^l, 
due  to  the  cai-tiidges  not  dropping  from  feeder  into  a  proper  x>ositiou 
to  be  forced  into  the  chamber ;  throughout  all  the  firings  these  delays 
oc»curred,  generally,  if  not  invariably,  at  the  end  feeders. 

One  thousand  rounds  were  next  fired  at  a  target  52'  by  11',  V  spruce 
boards,  distant  200  yards  from  the  gun;  all  hit.  The  gun  was  traverse*! 
al)Out  one-half  its  limit.  Two  delays  diunng  firing,  due  to  clogging  of 
cartridges.    (See  Plate  VI.) 

One  thousand  rounds  were  also  fired  at  a  similar  target,  distant  500 
vards  5  total  number  of  hits  770,  the  gun  traversing  about  one-thinl  its 
limit.    (See  Plate  VII.) 

In  all  the  delays,  with  one  exception,  it  was  necessary  to  lift  the  plate 
holding  the  feed  in  order  to  get  at  the  cartridges  causing  the  trouble, 

OPINION  OP  THE  BOARD. 

Tlie  Taylor  battery-gun  is  an  ingenious  and  promising  machine-gun, 
but  with  the  present  aiTangement  for  feeding  the  caitridges  it  does  not 
compete  favorably  with  other  better  i)erfected  machine-guns  that  have 
l)een  oft'ered  for  test  before  the  Board.  It  is  probable  that  a  more  per- 
fect feed  can  be  eft'ected  for  the  serA-ice  of  this  gim  by  the  inventor ;  im- 
til  this  is  accoraplisheil,  however,  the  Board  camiot  reconmiend  the  pn>- 
curement  by  the  United  States  of  any  of  these  guns  for  service. 

Appendix  A. 

Record  of  firing  with  Taylor  battery-gun,  caliber  0".433,  at  Sandy  ffookf  Neto  York  Harbor 

May  16,  ItfTH. 


B 

s 

'A 


1 
1, 

1 

ll 

1 

1 

1 

1 

1 

1,000 


Time.    Ammunition. 


1878. 
May]  6 


May  16 
May  16 
May  16 
May  16 
Mav  16 
May  16 
Mav  16 
May  16 
May  16 
May  16 


1,000    May  16 


S 

s 

o 
H 


2' 


o 


a 


special  remarks  about  ea4-h  flif ,  »uoh 
an  ettfH't  on  piece,  soniul  of  pix>je<-tile 
in  flight,  scattciiiig  of  frugiuentH,  ice. 


Remincton 
fulde<l  bead, 
cal.  0".433.     I 


Feet. 
1,268 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


1,290 
1,  285 
1,307 
1,314 
1,305 
1,299 
1,289 
1,295 
1,301 


Fired  into  sand   butt  for  rapidity. 
Average,  l,2tr7  tVrt. 


Reminston 
I  Holid  head, 
I    caL0".433. 


I 


Firetl  into  Band  butt  to  try  mechanism 
of  gnn.  Gun  caught'  four  times, 
caused  by  caii ridge  not  dropping 
into  proper  position  to  be  forced  into 
chamber.    One  miaflre. 

Fired  into  sand  butt  to  try  mechanism 
of  gnn.  G un  cauicht  six  limes,  cauaed 
by  cartridge  not  nropping  into  proper 
position  to  be  forcea  Into  chamber, 
thie  of  these  cartiidges  jammed  in 
chamber. 
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Record  of  firing  mth  Taylor-battery  gun^  jx, — Continued. 
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o 
u 
« 
.a 
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Time.    Ammimition.  i 


> 
** 

.0 


187a   (  Remineton  ) 

225 ,  May  16<    Bolid    head,  > 

f    caL0".433.    •) 


9 

3 
3 

o 
H 


I 

o 

« 

s 


special  reniarkn  about  each  fire,  aiirh 
aA  eftect  on  piece.  Hound  of  projectile 
in  flight,  scattering  of  fragmenu,  &c. 


J 


100,  May  16  I do 

275    Mavl6    ....do 
2501  May  16   ....do 


337    May  16    Remington 

"hi 


3011  May  16 
439.  May  16 


folded  head, 
caL  0".433. 

do 

do 


1,000;  May  16   ....do 


1,000    May  16   — do 


Two  delays  cau8e<l  by  cartridges 
not  dnmping  into  proper  pofd- 
tions  to Vc  forced  into  cJiamber ; 
the  delay  of  two  seconds  caused 
by  error  in  thinking  cartridge 
had  not  fallen  properly.  In  the 
last  delay  the  nine  seconds  com- 
pleted the  minute,  and  the  gun 
was  not  then  in  working  order. 

Gnn  stopped  at  end  of  47"j  caused 
by  cartridge  not  dropping  into 
pi-oper  {losTtiou  to  be  furced  into 
chaniber. 

One  misfire. 


One  delay,  caused  by  cartridge 
not  dropping  into  proper  posi- 
tion to  oe  forced  into  ciiamber. 

Fired  at  200-yard  target  for  accuracy ; 
1, 000  hit«  in  target.  Oscillator  set 
at  h.  Two  delays,  caused  by  car- 
tridge not  dropping  into  proper  posi- 
tion to  be  forced  into  chamber. 

Fired  at  500-yard  target ;  776  hits  in 
target.  Oscillator  set  at  ^.  One  mis- 
fire ;  one  fired  to  complete  the  thou- 
sand. 


In  all  the  delays,  with  the  exception  of  the  one  of  two  seconds,  in  the  series  of  225,  it  was  necessary 
to  lift  up  the  plate  holding  the  feed  for  the  purpose  of  taking  out  the  cartridges  causing  the  trouble. 
In  the  last  1,000  rounds  fired  it  was  found  that,  when  the  crank  did  not  turn  freely  (which  is  attributed 


to  cartridges  not  falling  proi)erly),  by  shaking  the  crank  the  cartridge  would  get  into  proper  position; 
hence,  the  delays  bi  this  1,000  were  so  short  that  the   ' 


time  was  not  taken. 
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APPENDIX    S2. 
TKIAL  OF  Fl  SP:8  JULY,  1877,  TO  AUGUST,  1878. 

(Twenty  plates.) 

Description  of  Fuses,  with  Plates  and  Records  of  Firing. 

[XoTE. — At  the  request  of  Dr.  Woodbrid^e,  the  description  of  this 
fuse  has  l>een  left  out.    Tliis  will  explain  tlie  absence  of  Plate  XX.  J 

HOTCHKISS  PERCUSSION  FUSE. 

(Plate  I.) 

Consists  of  a  metal  body,  A,  closed  at  the  front  end  with  a  screw-cap, 
B ;  it  has  a  conical  hole  at  the  rear,  which  is  closed  with  a  lead  plug,  C 
(the  safety-plug),  pressed  in  very  tightly,  so  that  the  plug  projects  a  lit- 
tle through  the  base  of  the  body-case,  toward  the  inside. 

The  plunger  D  is  composed  of  lead  cast  into  a  brass  casing  to 
strengthen  it,  and  to  prevent  the  lead  being  upset  by  the  shock  of  dis- 
charge. Two  brass  wires,  F,  cast  into  the  lead  on  opposite  sides  of  the 
plunger,  hold  it  suspended  in  the  case^  the  wires  going  through  the  holes 
in  the  bottom  of  the  case,  and  being  held  securely  in  position  by  the 
safety-plug.  The  plunger  has  a  nij)ple  cast  into  the  lead  and  is  primed 
with  "an  oiSinary  percussion  cap;  in  its  axis  it  has  a  powder-chamber,  G, 
containing  the  igniting  charge. 

The  operation  of  the  fiise  is  thus :  Th^  safety -plug  is  dislodged  backward 
into  the  interior  of  the  projectile  by  the  shock  of  discharge;  the  wires 
then  being  not  held  tight  in  the  hole,  the  i)lunger  is  disengaged  and  rests 
on  the  bottom  of  the  fuse-case,  and  is  free  to  move  in  the  line  of  axis. 
When  the  flight  of  the  projectile  is  suddenly  retarded  by  its  striking  any 
object,  the  plunger,  in  consequence  of  its  inertia,  is  driven  forward,  and 
the  primer  strikes  against  the  screw-cap,  thus  igniting  the  powder  in 
the  channel,  and  so  £ing  the  bursting  charge  of  the  projectile. 

Record  of  firing  w'.th  Hotchkm  peicuMhn  fvinef,  made  at  Sandy  Hook,  July  21,  1877,  and 

August  31,  1877. 

[Rifle  n^cd:  3"  wronght  iron,  No.  965.    Powder:  1^  pounds  of  old  mortar.    Shell:  Dyer;  weight,  8 

ponnd8  15  onnoea.    Elevation:  11^.] 


'9 

S 

2 


o 
'A 


Ri  marks. 


Fired  at  l.OOO-yard  target: 

1  Direct  hit,  2^  above,  3'  right ;  exploded  on  striking  gronnd  behind  target. 

2  Nine  pac«8  in  tront  of  tareet;  escnloded  on  striking. 

H  ;  Direct  hit,  3'  above,  8'  riirht ;  exploded  on  striking  gronnd  behind  target. 
Direct  hit,  4'  above,  4|'  nght ;  exuloded  on  striking  ground  behind  target. 
Direct  hit,  fS^  above,  8'  rignt;  exploded  on  striking  ground  behind  target. 
Over  tarset,  burst  on  stnking  ground. 
Direct  hit,  I'  above,  1'  left ;  burst  on  striking  ground. 
Over  target,  bunt  on  striking  ground. 

Direct  hit,  T  above,  9^  right:  burst  in  air  after  striking  mmid. 
Direct  hit,  59'  above,  l^'  right:  burst  on  striking  grouna. 
Direct  hit,  5  above,  ft'  right;  did  not  explode. 
1  irect  hit,  O'  above,  V  right ;  did  not  explode. 


4 

5 

6 

7 

8 

9 

10 

11 

12 


400         REPORT  OF  THE  CHIKF  OF  ORDNANCE. 

Record  of  firhiff  with  Hotchkifts  percumon  fuses^  ^'c. — Continued. 


0 

s 


O 


Remarks. 


13  Direct  hit,  4'  alwve,  3'  right ;  burnt  on  striking  ground. 

14  Direct  hit,  4'  below  j-enter ;  bwrat  on  stnkinj^  ground. 

15  Direct  hit,  5]'  below,  ^  right :  burst  on  striking  ground. 

16  I  Overtar{;et;  burst  on  strming  ground. 

17  Direct  hit,  4'  above,  1^'  right;  burst  on  striking  ground. 
Over  tarcet ;  burst  on  Htrucing  ground. 
Direct  hit,  5^  below^,  8'  right ;  burst  on  strUdug  ground. 
Over  target ;  burst  on  striking  grfmiid. 
Over  tai^et ;  burst  on  striking  ground. 
Over  target ;  burst  on  striking  ground. 
Over  target :  did  not  explode. 
Direct  hit,  5'  below,  j^  nght ;  burst  on  striking  ground. 

25  ,  Direct  hit,  2*  right  of  cent'Cr;  burst  on  striking  ground. 


18 
19 
20 
21 
22 
23 
24 


THE  SCHENKL  PERCUSSION-FUSE. 

(Plate  II.) 

CouHi»ts  of  a  metal  fuse-stock,  A,  iuclosiug  a  movable  core-piece  or 
steel  plunger,  B,  beariug  a  musket-cap,  C.  The  plunger,  primed  and 
capped,  is  held  in  place  b^-  a  screw  or  pin,  D,  which  passes  tiiroagh  a 
hole  in  the  side  of  the  stock  and  plunger.  A  safety-cai),  £,  is  screwed 
into  the  top  of  the  fuse-stock,  and  its  bottom  is  closed  by  a  cork  or  leather 
stopper,  F. 

When  the  projectile  is  set  in  motion,  the  plunger,  by  its  inertia,  carries 
away  the  pin  which  coniines  it  and  presses  against  the  bottom  of  the 
fuze-stock.  When  its  motion  is  arrested,  the  ineiiaa  of  the  plunger 
causes  the  percussion-cap  to  impinge  against  the  safety-cap,  which  igniter 
the  priming,  when  the  stopper  in  the  bottom  of  the  fuse-stock  is  blown 
out  and  the  shell  exploded. 

As  a  precaution  against  danger  while  handling,  the  brass  safety-cap 
is  countersunk  on  one  end  and  flat  on  the  other.  It  is  kept  with  tin? 
countersunk  end  down  at  all  times  except  when  loading;  while  this  end 
is  down,  should  the  plunger  become  loose,  the  percussion-cap  is  pre- 
vented from  coming  in  contact  with  the  hard  surfa<^  of  the  safety-cap^ 
but  on  being  turned  end  for  end  a  plane  surface  is  opi>osed  to  the  i>er- 
cussion-cap,  upon  which  it  may  strike.  There  is  a  slit  cut  in  the  top  of 
the  fuse-stock  and  cap,  which  is  designed  for  the  entrance  of  the  ftise- 
wrench. 

Becord  of  finng  icith  Schenkl  pet'citushn-fHSfs,  made  at  Sandy  Rook  July  13,  and  August 

31,  1877. 

IBifle  used :  3"  wrought-iron  rifle  Xo.  965.    Powder :  li  pounds  of  mortar.    Shell :  Dyer ;  weight,  8  pounds 

15  ounces.    Elevation :  1|<=>.  | 
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Remarks. 


Fired  at  1,000-yard  target : 
Direct  hit,  4'  below'  3'  right :  did  not  explode. 
Struck  50  pitces  in  front;  passed  through  target,  but  did  not  burst  until  stinking  about  200  yards 

beyond  target. 
Under  target ;  exploded  on  striking. 
Direct  hit,  8'  right,  3'  above ;  did  not  explode. 
Over  target ;  exjilodcd  on  striking. 
Over  target :  exploded  on  striking  ground  second  time. 


7  I  Direct  hit,  10'  right,  6^'  above;  did  not  explode. 


J 
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Record  of  firing  with  Scheiikl  percussion-fuses^  fo. — Continued. 
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Remarks. 


8 

0 

lU 

11 

12 
13 
14 


Direct  hit,  2f  right,  4|"  above ;  burst  on  striking  ground. 

Struck  115  paces  in  front  of  target ;  burst  ou  striking  ground. 

Over  target ;  burst  ou  striking  ground  thinl  time. 

Struck  40  paces  In  front  of  target ;  bur^t  on  striking  ground. 

Direct  hit,  4'  below,  3'  left ;  burst  goin^  through  target. 
,  Direct  hit,  5'  ri^ht  of  center ;  burst  going  through  target. 
;  Direct  hit,  KX  right,  2'  below ;  burst  on  sinking  ground. 

15  Direct  hit,  7'  above  center;  burst  on  striking  ground. 

16  I  Direct  hit,  5'  above,  2'  right ;  burst  on  striking  ground. 


17 
18 
19 
20 
21 
22 
23 
24 
25 


Burst  in  air  about  300  yards  in  front  of  target 

Over  tareet ;  burst  on  striking  grouncL 

Direct  hit,  4'  above,  8'  left ;  burst  on  strikinjK  ground. 

Direct  hit,  2'  above,  5'  right :  bnrat  ou  striking  ground. 

Direct  hit,  o*  above  center :  burst  ou  striking  ground. 

Direct  hit.  5r'  below,  8'  left ;  burst  on  striking  ground. 

Direct  hit,  6}'  below,  1'  right ;  burst  on  striking  ground. 

Over  target :  burst  on  striking  ground. 

Direct  hU  3'  above,  1'  left ;  burst  on  striking  ground. 


THE  ABSTERDAM  PERCUSSION-FUSE. 

(Plate  III.) 

Consists  of  a  metal  fuse-stock,  A,  closed  at  front  end  by  a  screw-cap, 
B ;  a  movable  plunger,  C,  cast  around  a  cone-piece^  D,  and  a  hollow  tin 
cylinder,  E.  The  tin  cylinder  E  at  ba.se  of  plunger  is  cut  longitudinally, 
so  that  when  opened  out  into  recess  F  at  base  of  fuse-stock  the  plunger 
is  held  in  place  securely  until  impact  of  the  shell.  The  shock  of  dis- 
charge straightens  out  the  tin,  freeing  the  plunger  which  moves  forward 
to  cap  B,  exploding  musket-cap  on  cone-piece  which  ignites  bursting 
charge. 

Record  of  firing  with  Absterdam  percussion-fuses^  made  at  Sandy  Hook  August  30,  1877. 

(  Rifle  used :  4^"  siege-rifle  No.  101.    Powder :  3}  pounds  new  mortar  £.  Z.    Shell :  Absterdam  24^  pounds  * 

Elevation:  10  50^.) 


9 
g 

o 


Keiuarkrt. 


Fired  at  1,000-yard  target: 

1  Over  target:  did  not  explode. 

2  Direct  hit,  7'  above,  3'  left;  did  not  explode. 

3  Direct  hit,  4'  above  center ;  did  not  explode. 

4  !  Direct  hit,  3|^  above  center ;  burst  going  through  target. 

5  Over  target ;  did  not  explode. 

6  Direct  hu,  1'  left,  1'  below ;  did  not  explode. 

7  I  Direct  hit. Z^  left,  2f  below;  did  n<»t  »xplo<le. 

8  '  Direct  hit,  2'  light,  V  below;  did  not  cxphKle. 

9  Din?ct  hit,  3^  left.  .•>*'  below;  did  not  expltNle. 

10  '  DirtH't  hit,  4'  left,  1'  beh>w:  burst  going  Through  target. 

11  1  Direct  hit,  3^'  left,  U'  above;  bui-st  on  Mtrikhig  gitiuud  about  1,000  yards  behind  target. 

12  '  Din'Ct  hit,  4^'  h'ft.  \\  above;  burst  on  Htriking  ground. 

13  I  Direct  hit,  4'  left,  3'  above;  burst  ou  striking  ground. 

14  j  l)ire«t  liit,  .T  left.  \'  above;  did  not  exphxle. 
1.'.  *  l)ir»'<t  hit,  2'  Irft,  I'  HlM>ve:  did  not  rxplcHle. 

16  Direct  hit.  1'  lift,  2'  above;  burst  ou  Mtrikiug  ground. 

17  Dircrt  hit,  3'  h  ft.  7'  alM»v«>:  did  iiot  cxphMh*. 

18  Direct  hit,  4'  left,  4^'  above:  did  u<»t  explode. 

19  I  ( )ver  tiu  «;«'t ;  did  not  exiihwle. 

20  DinH't  hit,  4i'  left.  \\'  above;  did  not  explode. 

21  '  Direct  liit.  1'  left,  '.\\^  alMivc;  burst  on  striking  ground. 

22  Direet  hit,  4'  h'ft,  OJ'  alnnc;  did  not  cxidiKle. 
2.{  Dii-ect  hit,  1'  alwve  center;  diil  u«t  cxphMle. 

24  Direct  hit,  3'  left  of  center;  expl«Mh>d  «»n  Htriking  ground. 

25  ,  Dii-ect  hit,  V  left,  6'  above;  ditl  u«it  exphxle. 

26  OBD 
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EGGO  PERCUSSION-FUSE. 

(Plate  IV.) 

Consists  of  the  stock  A,  upon  the  outer  surface  of  the  outer  part  of 
which  is  formed  a  screw-thread,  to  enable  it  to  be  screwed  into  the  shell 
in  the  ordinary  manner. 

The  outer  end  of  the  stock  A  is  made  close,  with  a  flange  to  overlap 
the  seam  or  joint,  and  \vith  notches  or  holes  to  receive  the  wrench  for 
screwing  it  in  and  out  of  the  shell. 

Tlie  inner  end  of  the  stock  A  is  made  open  and  is  closed  with  a  screw- 
plug,  B,  which  is  made  with  holes  or  notches  to  receive  the  wrench  for 
screwing  it  in  and  out.  C  is  the  plunger,  which  is  made  hollow,  and  is 
provided  with  a  nipple,  D,  at  its  outer  end  to  receive  a  cap  to  cause  the 
shell  to  be  exploded  when  it  strikes,  by  the  forward  movement  of  the 
plunger  C,  causing  the  cap  to  strike  against  the  closed,  outer  end  of  the 
stock  A. 

The  inner  end  of  the  stock  A  is  notched  or  slotted  transversely,  to 
receive  the  ends  of  the  hollow  or  tubular  bar  E,  v\ith  the  center  of  wliich 
is  connected  the  inner  end  of  the  shoi-t  tube  F. 

The  ends  of  the  bar  E  may  be  closed  by  a  paper  patch,  a  slight 
wooden  plug,  or  other  suitable  means,  to  confine  the  powder  until 
ignited. 

The  outer  end  of  the  tube  F  is  flattened  and  contains  a  fulminate  to 
be  ignited  by  friction. 

The  device  E  F  is  connected  with  the  plunger  C  by  a  wire  G,  one 
end  of  which  is  securely  attached  to  the  said  plunger  C,  and  its  other 
end  passes  through  the  tube  F. 

The  outer  end  of  the  wire  G  is  flattened  and  roughed  or  barbed,  so 
that  when  drawn  through  the  tube  F  by  the  forward  movement  of  the 
plunger  C  it  may  ignite  the  fulminate  in  the  said  tube  F  by  fiictioii. 
and  thus  explode  the  shell. 

The  screw-plug  B  has  a  hole  through  it  to  receive  the  tube  F  aiul 
protect  it. 

II  is  the  safety-pin,  which  passes  in  througli  a  screw-hole  in  the  outer. 
closed  end  of  the  stock  A  in  such  a  position  that  it^s  forward  end  nia> 
rest  against  the  end  of  the  plunger  i)  at  the  side  of  the  cap-nipple,  and 
thus  holds  the  said  i>lunger  securely  in  jdace  during  transportation  and 
handling,  and  absolutely  secures  the  shell  from  being  exploded  by  an 
accidental  blow,  jar,  or  tall. 

The  screw-pin  II  is  removed  when  the  shell  is  put  into  the  gun  to  l»e 
fired. 

Record  of  firing  wiih  Eggo  percumon-fnscM.  made  at  Sandy  Hook  July  13  and  Sfpiemhrr  *'*' 

1H77. 

[Rifle  UHC'd:  3"  wrought-iron  rifle  No,  965.     Powdei't  1^  p<mmlH  of  moi'tar.    SheU:  Dyer;   vreijilir    * 

pouiiilH  15  OU1H-CH.     Elevation:  Ig^.] 


Kciiinvks. 


A 


Fired  at  l,000-.vard  tarf^et: 

1  Stniek  6  paccH  in  fi-ont  of  turp-t ;  ex)dodcd  on  Htiiking  and  made  ^0  holes  in  ttuyet. 

'2  Struck  6  paoeH  in  fn»nt  i»f  target :  ex]»loded  on  Htiikiiij;  and  made  TO  holes  in  tai^et. 

3  Dii-eet  hit,  4'  beh)Wj  3'  ri^lit;  did  not  eX]dode. 

4  Stnn'k  24  pacen  in  tront  of  target;  «'Xjdode«l  on  Htriking. 

5  Direct  hit,  4'  below  center;  did  not  explode. 
G  Over  target:  did  not  explode. 

7  Riisht  of  tar^iet;  did  not  explode. 
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accord  of  firiny  tcith  Eggo  pereussion-fusfy  if-c. — Continued. 
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Remarks. 


8  Direct  hit,  3'  right,  2J'  below :  bunt  on  Rtrikiii}:  ground. 

9  Stmck  58  pace«  in  front  of  tArget ;  did  not  burat. 

10  Direct  hit;  keyholwl  9*  riglit,  2'  above;  did  not  buret.    Sabot  stripped  in  flight. 

11  Struck  32  paces  in  fh)nt  of  target ;  did  not  burst. 

12  Direct  hit,  y  below.  5*  right;  burst 

13  I  Right  of  target;  burst  on  striking  ^^ronnd. 

14  J  Struck  2  pa^es  in  fnmt  of  target;  did  not  burst. 

15  Rightof  target;  did  not  burst. 
10     Over  target ;  did  not  burst. 

17  Direct  hft;  keyholed  S'  below,  3'  right;  did  not  burst.    Sabot  stripped  in  flight. 

18  Struck  20  jiaces  in  front  of  target  aiid  burst. 

19  '  Struck  78  iiaces  in  front  of  target ;  did  not  burst. 

20  I  Struck  23  paces  in  front  of  target :  did  not  burst. 

21  Direct  hit ;  keyholed  9^  right,  1^'  above :  burst  on  striking  gronnd  2d  time.    Sabot  stripped  in  flight. 

22  ,  Stnick  50  paee.<4  in  front  of  target;  did  not  burst. 

23  I  Direct  hit,  0"  above,  fl'  rluht;  burst  im  strikini;  gnmnd. 

24  Struck  8  paces  in  freut  oi  target ;  burst  on  strikiiig  ground. 


GERMAN  PERCUSSION   FUSE. 

(Plate  V.) 

Ill  this  fuse  a  metal  plunder,  A,  ha\iiig  a  central  fire-hole,  B,  is  let  into 
the  fuse-hole  and  rests  against  the  shoulders  I)D.  Let  into  the  top  of 
the  pliuiger  and  aeross  its  center  is  a  metal  bar,  P,  having  a  projecting 
point  on  its  top  side,  the  point  being  in  center  of  flre-hole. 

The  i)lunger  is  retained  in  its  place  by  a  pin,  C,  which  passes  trans- 
versely into  the  fiise-hole,  the  side  of  which  is  put  in  contact  with  the 
point  of  the  cap. 

The  outer  end  of  the  pin  projects  on  the  side  of  the  shell,  the  projec- 
tion being  liinite<l  by  the  line  of  the  cylindrical  portion.  The  fiise-hole  is 
closest  by  a  screw-cap,  F,  ha\iug  a  small  central  screw-hole  into  which 
the  fulminate-cai),  G,  is  screwed. 

Wlien  fired  from  a  riiie-piece,  the  centrifugal  force  generated  by  the 
revolution  of  the  s1h»11  thn)ws  out  the  pin  C ;  the  plimger  by  its  inertia 
is  retained  at  the  bottom  of  the  chambei*  during  the  flight  of  the  pro- 
je<*tile ;  at  the  moment  of  impa<*t  the  projecting  point  on  the  plunger 
impinges  against  the  fiihninate,  which,  exjdoding,  ignites  the  charge  in 
the  shell. 

The  fulminate-cap  G  and  pin  C  are  not  apidied  to  the  shell  until  the 
instant  of  loa<ling,  when  the  loiuler,  who  cames  these  articles  in  a  pouch, 
screws  in  a  fulminate-cap  and  inserts  the  pin,  previously  feeling  that  the 
plunger  does  not  stick. 

To  k(H*p  the  bursting  charge  in  place  in  the  shell,  a  brass  thimble,  H, 
with  a  flange  about  the  top,  and  small  holes  in  the  bottom,  is  first 
pressed  into  the  fu.se-hole  and  takes  against  the  shoidder  D.  Apiece  of 
cloth  is  i>ast4Mi  over  the  fii*e-holes  in  the  bottom  of  the  thimble.  In  this 
thimble  the  metal  plunger  rests. 
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Record  of  firing  mth  German  percussion  fuses,  made  at  Sandy  Hook  August  31,  1878. 

f Rifle  used :  3'M5  (8  c.  m.)  Bochum  breech-loa<lixig  rifle  No.  1.    Powder:  1  pound  2  oonoes  of  Knipp's 
mortar.    Shell:  Knipp;  weight,  9  pounds  4  onnces.    Elevation:  1°  W.] 
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Remarks. 


Fired  at  1,000-yHnl  tarjiet : 
Direct  hit,  2'  above  center ;  bur«t  )i:uiu$;  through  target. 
Burst  iu  air  uear  f^n. 
Over  target :  burst  on  striking  gi-ound. 
Direct  hit,  3^  above,  2^'  nght ;  burst  going  through  target. 
Direct  hit,  2'  above  center ;  burst  going  through  target. 
Over  target ;  burst  on  striking  ground. 
Over  target :  burst  on  striking  ground. 
Direct  hit,  IV  below  center ;  burst  going  through  target. 
Diret;t  hit,  .*>*'  above,  IJ'  left ;  burst  going  through  target. 
Direct  hit,  6|'  above  center:  burst  going  through  target. 
Over  target ;  burst  on  striking  ground. 
Direct  hit,  34^  aliove,  1'  left ;  burst  going  through  target. 
Direct  hit,  6'  above,  1'  left ;  burst  goin^  through  target. 
Direct  hit,  4'  below,  2'  right :  burst  going  through  target. 
Direct  hit,  2'  above,  3'  left ;  burst  going  through  target. 
Direct  hit,  V  right  of  center ;  burst  going  through  target. 
Direct  hit,  %'  right  of  center ;  burst  going  through  target. 
Direct  hit,  5^'  alwve,  1'  right ;  burst  going  through  target. 
Direct  hit,  2'  above,  2'  right ;  burst  going  through  target. 
Direct  hit,  2'  below,  2'  left ;  burst  going  through  target 


ENGLISH  PERCUSSION  FUSES. 


(Plate  VI.) 


PETTMAN  FUSE. 


(Fig.  I.) 

The  Pettman  fuse  consists  of  the  following  parts :  A,  body ;  B,  top- 
plug  ;  C,  plain  ball ;  D,  steady  plug ;  E,  detonating  ball ;  F,  cone  plug ; 
G,  lead  cup ;  H,  suspending  wire. 

Tlie  steady  and  tep  plugs  are  cupped  in  the  center  to  receive  the  small 
plain  ball  of  brans  wire  which  holds  them  apart :  and  to  prevent  the 
ball  adheiing  from  corrosion,  the  cups  are  sliglitly  larger  in  diameter 
than  the  ball.  Eound  the  top  of  the  steady  plug  nms  a  groove  fQled 
with  detonating  composition,  and  two  fire-holes  pass  from  the  composi- 
tion down  through  the  plug. 

The  composition  in  the  annular  groove  is  covered  with  thin  sheet-brass. 
The  detonating  ball,  which  is  coated  with  composition,  is  covered  with 
two  hollow  hemispheres  of  sheet-copper,  and  over  these  witii  silk.  The 
cone  plug  (no  longer  coned)  has  three  nre-holes  and  is  supported  by  a 
copper  wire  which  passes  through  the  tube ;  but  the  hollow  of  the  latter 
is  enlarged  below  the  wire  to  prevent  its  being  choked.  The  lead  cup 
(pure  lead)  does  not  rest  on  the  bottom  of  the  fuse,  but  is  support<3d  at 
the  top  on  a  shoulder  on  the  cone  plug. 


Parts  of  fuse. 


Body  and  top  plug 

PUlnball 

Steacly  plug 

Denotating  ball  and  cone  plug. 
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The  detonating  composition  in  the  steady  plug  and  on  the  detonating 
ball  consists  of— 

Part«. 

Chlorate  of  x)otash , 12 

Sulphide  of  antimony 12 

Sulphur 1 

Mealed  powder 1 

On  the  discharge  of  the  gun  the  susi)ending  wire  is  broken  and  the 
lead  cup  criLshed  in  consequence  of  the  inertia  of  c^ne  and  stea^ly  plugs 
and  of  balls,  which  do  not  move  instantaneously  with  the  fuse  and  lead 
cup ;  sufficient  space  is  therefore  left  for  the  disengagement  of  the  balls, 
and  on  impact  the  fuse  ignited  by  the  concussion  of  the  detonating  ball 
on  the  inside  of  the  body,  or  by  the  plain  ball  on  the  comi)osition  in  the 
gi*oove  of  the  steady  plug,  whicli  continuing  to  move,  after  the  sudden 
check  to  the  motion  of  tlie  fuse,  i)resses  the  plain  ball  between  itself 
and  the  top  ]>lug. — (Owen's  Modem  Artillery.) 

ROYAL   LABORATORY  FUSE. 

(Fig.  li.) 

This  fuse  (consists  of  the  follo^dng  parts :  A,  the  brass  stock  or  body; 
B,  the  brass  screw-plug  closing  rear  end  of  fuse;  C,  the  lead  plunger; 
D,  the  brass  thimble ;  E,  the  brass  safety-wh^e ;  and  F,  fulminate.  The 
body  has  a  solid  he^,  having  on  the  outride  a  square  recess  for  fuse 
wrench,  and  on  the  inside  a  sharp  pin  projecting  from  the  center.  The 
screw-plug  (B)  has  a  hole  through  its  center  which  is  covered  by  a  thin 
disk  of  brass  secured  on  by  solder ;  two  small  recesses  in  the  bottom  of 
the  plug  facilitate  its  insertion  with  a  wrench.  The  lead  jihmger  (C) 
has  also  a  central  hole  tlirough  it,  in  the  front  end  of  whicli  is  placed 
the  fubninate  cap ;  the  plunger  has  also  two  slight  projections  fh)m  its 
sides  upon  whicjh  rests  the  brass  thimble  D.  Running  through  holes  in 
the  heads  of  fuse  body  and  thimble^  and  to  one  side  of  center  and  rest- 
ing on  top  of  the  plunger,  is  the  twisted  safety- wire  E.  In  order  to  pre- 
vent the  easy  withdi-awal  of  the  safety- wire  a  small  hole  is  bored  into 
one  side  of  ftise  body  and  down  to  the  hole  through  which  the  wire  is 
inseited,  and  into  this  is  poured  melted  lead.  A  strong  cord  facilitates 
the  extraction  of  the  wire  before  firing.  Inserted  in  a  loaded  shell  with 
the  safety-wire  removed,  and  meeting  with  a  resisting  object  in  flight, 
the  plunger  is  thrown  forward  sheering  off  the  shoulders;  the  ftilminate 
striking  the  pin  is  ignited,  the  brass  disk  closing  hole  through  screw 
plug  is  blown  out,  and  the  bursting-charge  of  shell  ignited. 

Record  of  firing  with  EnglUfh  percnsmon-fusetif  made  at  Sandy  Hook  AngMt  8  and  14,  1878 

[Rifle  used :  3"  wronght-iron  rifle  No.  965.    Powder :   IJ  ponndB  of  mortar.    Shell :  Dyer ;  weight, 

pounds  15  ounces.    Elevation:  1|°.] 


I 


Remarks. 


Pettman  percxistion. 


1 
2 
3 

4 
5 
6 
7 


Fired  at  1,000-yard  target: 
Burst  on  striking  ground. 


Through  target,  struck  ground  beyond ;  did  not  burst. 
Through  target^  struck  ground  beyond ;  did  not  burst. 
Through  target,  struck  ground  beyond  twice ;  did  not  burst. 
Through  target,  struck  ground  beyond  three  tiroes;  <lid  not  burst. 
Through  target,  two  ricochets  on  ground;  did  not  burnt. 
Through  target^  two  ricochets  on  ground ;  did  not  burst. 
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Record  of  firing  with  English  percuss\on-fuBe8,  <fc. — Continued. 


a 
g 

«M 

o 
d 


RoiimrkH . 


8  Through  target:  bui-st  on  striking  ground  bovoud. 

0  Over  target ;  burst  on  Htriking  ground  beyontl. 

10  I  Over  target,  two  ricochetn  on  land,  one  oii  wattT ;  did  not  bur«t. 

11  Thi-ough  target,  one  ricochet  on  land  and  one  on  water ;  did  not  burnt. 

12  !  Through  tnrgft,  four  ricochets  on  hind ;  did  not  bur8t. 

13  Through  target;  burst  on  striking  gr*nind  bevond. 

14  Struck  15  yards  in  fi-ont  of  target,  ricochet teff  over  and  struck  water  once ;  did  not  burst. 

15  Struck  40  yards  in  front  of  targi^t,  ricochetted  over  and  struck  water  once ;  did  not  bnrst. 

16  Tlirongh  1,000-yard  tiirget.  ri<H)chett4Ml  thnmgh  mile  tar^et^  struck  ground  l>eyond;  did  not  bursts 

17  Through  1,000-yanl  target,  struck  gromid  beyond,  two  ricochets  on  water;  did  not  burst, 

18  Over  target ;  burst  on  striking  ground  l>eyond. 

19  Through  target,  struck  ground  twice ;  <liil  not  burst. 

20  Through  target ;  burst  on  striking  ground  lieyond : 

21  Through  target,  struck  ground  twice,  water  once ;  did  not  burst. 

22  Struck  two  feet  in  front  of  target  and  burst. 

23  Through  target,  struck  grouna  twice,  water  once ;  did  not  burst. 

General  service  R.  L.  percussion. 


I 


I  Fired  at  1,000-yard  target : 

1  Through  target ;  burst  on  striking  ground  beyond ;  fuse- wire  nulled  out  before  firing. 

2  Under  target ;  burst  on  striking  ground  beyond;  fuse-wire  not  pulled  out. 
8     Burst  going  through  target ;  fuse- wire  pulled  out  before  firing. 

4  Burst  near  muzzle ;  fuse- wire  not  pulled  out. 

5  Did  not  burst ;  time  of  flight  8^  set'onds. 

6  ■  Struck  10  feet  in  front  of  fiirget  and  burst. 

7  I  Burst  going  through  target. 

8  j  Struck  100  feet  in  front  of  target  and  burst. 

9  I  Burst  goinji^  through  target. 

10  I  Struck  1.5  teet  in  fi-ont  of  target  and  burst. 

11  !  Through  target ;  burst  on  striking  ground  beyond. 

12  I  Through  target ;  burst  on  striking  ground  beyond. 

13  Burst  going  through  target. 

14  '  Burst  going  through  target. 

15  I  Burst  ficoing  through  target. 

16  Burst  m  fiight  near  200-,>*aid  target. 

17  Burst  going  through  target. 

18  Struck  75  yards  in  front  of  target  and  burst. 

19  Struck  \WS  yartls  in  front  of  target,  ricochetted  to  mile  target  and  burst ;  sabot  stripped  near  200 

yard  target. 

20  Struck  10  feet  in  front  of  target  and  burst. 

21  Struck  15  feet  in  fnmt  of  target  and  burst. 

22  '  Burst  going  through  tarset. 

23  Struck  30  feet  in  tVont  of  target  and  burst. 


LISSBERGER  FUSES. 

Plate  YIL 

PERCUSSION-FUSB. 
Fig.  1. 

This  ftise  consistH  of  a  copper  tapering  body  A,  with  enlarged  head, 
but  dosed  at  the  rear  by  a  brass  screw-plug  B,  which  is  hollow  nearly  its 
entire  length.  Fitting  this  screw-plug  is  the  brass  hollow  cylinder  C, 
filled  with  fi'iction  comi)osition ;  the  lower  i>art  of  cylinder  is  close<i,  as 
shown  in  drawing.  A  wire,  I),  whose  lower  end  is  serrated  and  twisted, 
passes  through  central  holes  in  the  8crew-i)lug  B  and  the  solid  cylin- 
drical plunger  E ;  it  has  its  upjier  end  looped  to  form  a  shoulder  against 
the  i)lunger  E.  Between  the  i>lunger  E  and  the  end  of  screw-plug  B  is  a 
disk  of  leather. 

The  lower  end  of  screw-plug  B  is  closed  by  a  small  quantity  of  rifle- 
powder  and  a  disk  of  leather  pressed  in.    The  fuse  body  has  about  the 
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same  taper  rearward,  and  is  inserted  in  shell  the  same  as  the  ordinary 
paper  tiine-fiLse ;  when  inserted  in  a  shell  whose  flight  is  suddenly  arrests, 
the  serrated  wire  is  drawn  forward  by  the  plunger,  igniting  the  friction 
composition,  and  setting  lire  to  jiowder  charge. 

tim:e-fuse. 

Fig.  II. 

This  is  an  ordinary  paper  fuse,  A,  which  is  ignited  by  means  of  an 
inertia  igniter,  B.  The  igniter  B  (jonsists  of  four  parts,  the  brass  sohd- 
headed  shell  a,  slightly  tapering  on  the  exteiior,  ha\ing  the  holes  in  the 
head  and  side  oiK^Jiings,  as  shown  in  drawing,  for  escape  of  gas;  through 
the  heiul  of  tlie  body  A  is  introduced  the  hollow  brass  cylinder  6,  w^hose 
lower  end  is  cut  and  closed,  as  shown ;  within  this  cylinder  is  the  lead 
plunger  c  and  the  friction-pellet  d. 

At  the  instant  of  discharge,  the  finction-i)ellet  is  forced  back  and 
through  the  rough-(!losed  end  of  cylinder  by  the  plunger  and  the  time- 
fuse tluis  ignited. 

Record  of  firing  with  Linsberger  funtu  {time  and  percuMion)f  made  at  Sandy  Sooky  May  20, 

1878. 

["Rifie  used:  3''  wroufiht-iixin  ritlo  No.  965.    IVm-dnr:  1^  poundn  of  old  mortar.    Shell:  Dyer;  weighty 

poiindH  ir»  ouiict'H.    Elevation :  5°,  J°,  lg°,  aiid  li°.J 


c 

c 

6 

{25 


Reiiiarkn. 


Fired  over  wat«r  for  time : 
1     Burst  in  air ;  time  4^  Heconds. 
'1     Burnt  in  air  -.  time  4|  secondn. 
3     Burst  in  air ;  time  3|  scconda. 
Burst  in  air ;  time  2|  seconds. 


Tfm«,  5  seconds. 


4 


FereusHon. 


Fired  at  500-yard  target : 

1  Burst  going  through  target. 

2  Through  target ;  burst  on  striking  ground  beyond. 

3  Burst  goiug  through  target. 

4  Through  target;  burst  on  striking  ground  beyond. 

5  Did  not  burst. 

6  Did  not  burst. 

7  I  Through  target ;  burst  on  striking  ground  beyond. 
A  I  Burst  at  muzzle. 

Fired  at  1,000-yard  target : 
9     Burst  at  muzzle. 

10  i  Through  target ;  did  not  burst. 

11  I  Did  not  burst. 

12  Through  target ;  did  not  burst. 

13  '  Through  target ;  burst  on  striking  ground  beyond. 

14  I  Through  target ;  did  not  burst. 

15  ~         "  * 

16 


Struck  ground,  ricochetted  through  target ;  did  not  burst. 
Struck  ground,  ricochetted  through  target ,-  did  not  burst. 


Fired  down  beach : 

17  Burst  at  muzzle. 

18  Did  not  burst. 

19  .  Did  not  burst. 

20  ;  Did  not  burst. 


21 
22 
23  I 


Did  not  burst. 
Did  not  burst. 
Did  not  burst. 
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GERMAN  TIME-FUSE. 

(Plate  VIII.) 

Fig.  1  is  a  full-sized  side  view  of  fuse  ready  for  insertion  in  the  shell. 

Fig.  2  is  a  i>lan  of  same. 

Fig.  3  is  a  sectional  view. 

Figs.  4,  5,  0,  7,  and  8  show  in  detail  tlie  difterent  parts  of  the  fuse. 

The  fuse  consists  of  tlie  body^  or  fuse  proper,  in  two  part-s,  A  and  B^ 
and  the  igniter  C. 

The  lower  part  B  is  of  lead  and  tin,  and  is  cast  around  the  bra^s  stem 
a;  the  upper  x)art  of  this  steui  is  ])ro\ided  on  the  inside  and  outside  with 
screw-threads ;  into  the  inner  threa<l  is  screwed  the  igniter  C ;  into  the 
outer  tliread  works  the  screw-a«sembling  disk  />,  which  is  prevented  from 
turning  when  screwed  down  by  the  brass  screw  e;  at  the  bottom  of  tlie 
brass  stem  and  projecting  from  its  center  is  a  sharp  i)rojecting  pin,  /. 
The  stem  has  on  its  exterior  a  grooved  channel,  and  through  it,  near 
the  point  of  pin  /,  radial  holes,  which  permit  the  flame  from  fulminate 
to  communicate  with  imming-chamber.  The  upi)er  part  A,  or  the  *'re^'- 
ulator"  of  the  fuse,  Fig.  6,  is  a  ring  of  a  ti'uncated  conical  form  ;  it  ha.s  a 
priming-chamber  and  a  circular  groove  on  its  under  side,  inclosing  com- 
pressed mealed  powder.  The  external  opening  of  the  chamber  is  covered 
by  a  thin  strip  of  lea<l  and  tin,  and  the  internal  by  a  piec«  of  pai)er. 
The  rim  of  the  "  regidator  ^  is  divided  into  regularly-increasing  spaces 
from  2  to  22,  indicating  meters  and  half  meters.  Separating  A  and  B  is 
a  washer  of  felt.  A  channel,  g,  through  the  lower  i)art  of  B,  filled  with 
rifle-powder,  allows  comnuinication  between  the  burning  comi^osition  of 
fuse  and  pow^der  charge  of  shell ;  the  i)osition  of  the  upper  oiiening  of  this 
channel  is  indicated  on  the  rim  of  B  by  a  triangular  notch;  the  lower 
opening  is  closed  by  a  disk  of  lead  and  tin,  thin  enough  to  be  blown  out 
by  the  rifle-powder. 

The  igniter  C  is  composed  of  fom-  parts — the  bras»^  stock,  which  incloses 
all;  the  screw  cap  H,  which  closes  end.  Fig.  8;  the  leaden-shoulderetl 
plunger  K,  Fig.  7,  with  its  recess  at  bottom  to  receive  the  fulmimte 
wafer  L. 

The  ftise  works  as  follow  s :  At  the  instant  of  discharge  the  plunger, 
by  its  own  inertia,  is  forced  back,  shearing  off  the  soft  shoulders,  and 
the  ftilminate  strikes  the  projecting  pin-point;  the  resulting  gas  eseaiHJs 
through  the  radial  holes  around  this  point  and  into  groove<l  channel, 
igniting  the  powder  in  priming-chamber  and  circular  groove,  which  burns 
tfil  the  channel  of  rifle-powder  is  reached,  when  the  thin  disc  of  metal  at 
bottom  of  channel  is  blown  out,  and  the  flame  reaching  iK)wder  in 
shell,  explosion  takes  place. 

Becord  of  firifig  icith  German  titne-fuseSy  made  at  SaH4y  Hook  Atigmt  30,  1877,  and  August 

17,  1878. 

[Rifle  naed:  3".  15  (8  centimeters)  Bochum  broech-loadin^  rifle  No.  1.  Powdi^r:  1  pound  2  onnces  of 
Eriipp's  mortar.  Shell:  Krupp  caoe-shot;  weight,  10  imiuuIh  8  oiinces.  Elfvation:  1°  SC,  J^,  IJ'^,  an*! 
IF.f 


s 

o 

* 

o 
SZ5 


2 
3 
4 
6 
6 


Remarks. 


Fired  at  l.OOO-yard  target: 
Stmck  105  paoeB  in  front  of  target;  bnrnt  in  air  100  yanls  beyond  target;  fase  set  for  1,000  meters 

burst  in  8  seconds. 
Struck  25  paces  in  front  of  target;  fuse  set  for  1,000  meters,  burst  in  6^  seconds. 
Struck  140  pa(*es  in  front  of  target;  fuse  set  for  800  meters,  burst  in  '»i  seconds. 
Stmck  132  paces  in  front  of  targ«^t ;  fuse  S4*t  for  800  meters,  burst  in  9i  seconds. 
Stmck  129  paces  in  front  of  target;  fuse  set  for  800  meters,  burst  near  point  of  striking. 
Direct  hit,  6*  above  center;  fuse  set  for  800  meters,  burst  in  7  seconds. 
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Record  of  firing  with  German  time-fuses,  j-o, — Continued. 


0 


O 


I 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 


24 
25 


Hemarks. 


Direct  hit,  Sj'  above,  2'  right;  fuse  »et  for  800  metera,  biirist  in  6|  secoudH. 
Burst  in  air  b«*fore  n'a<'/hing  tarjrt^t ;  fii»e  set  for  700  int*tif  ra,  hurtit  in  2J  Hccouds. 
Burst  in  air  before  reaching  target:  fiim*  set  for  700  meters,  burst  in  2}  seconds. 
Burst  in  air  befiire  reai'liing  target;  fuse  set  for  700  metera,  bui-st  in  2 J  seconds. 
Burst  in  air  before  reaching  tiirget:  fuse  set  for  700  meters,  burst  in  'l\  seconds. 
Burst  in  air  before  readiing  target;  fuse  set  for  700  luetei-s,  burst  in  3 J  seconds. 
Burst  in  air  before  reacliing  target;  fuse  set  for  700  met4»rs,  burst  in  2J  wconds. 
Burst  in  air  befort>  reaching  target ;  fuse  set  for  700  meters,  burst  in  2|  seconds. 
Burst  in  air  before  reaching  target ;  fuse  set  for  700  metei-s,  burst  in  2i  seconds. 
Burst  in  air  before  reaching  tiirget;  fuse  set  f«>r  700  meters,  burst  in  2i  seconds. 
Burst  in  air  before  reaching  target;  fuse  set  for  700  meters,  burst  in  2^  seconds. 
Burst  in  air  before*  reaching  target:  fuse  set  for  700  meters,  burst  in  2j  seconds. 
Burst  in  air  before  reaching  target;  fuse  set  for  700  meters,  burst  in  2}  seconds. 
Burst  in  air  b4>fore  reaching  target ;  fuse  set  for  700  meters,  burst  in  2^  seconds. 

Fii-i'd  down  beach : 
Fuse  set  for  500  met«»r8,  burst  about  500  met'Ors;  time  of  flight,  2  seconds. 
Fuse  set  for  700  meters,  burst  ab«mt  700  meters ;  time  of  flight,  3i  seconds. 
23  i  Fust;  set  for  700.  meters,  burst  about  700  met4M"s ;  time  of  fliglit,  3j  seconds. 

l?\ise  set  for  1,000  meters;  struck  ground  in  front  of  1,000-yard  target,  and  burst  in  air  50  yards 

beyond. 
Fuse  set  for  1, 000  meters ;  struck  ground  300  yanls  beyond  1, 000-yard  target,  and  ricochetted  through 

mile  target ;  did  not  burst. 


M'INTYRE'S  TIME  FUSE,  REAR. 

(Plate  IX.) 

• 
This  fuse,  inserted  in  the  rear  of  the  shell,  consists  of  the  brass  stock 
A,  time-fiise  B,  a  brass  screw-plug  C,  and  lead  igniting  cap  D.  The 
fiise  composition  driven  in  a  paper  case  is  first  inserted  in  the  stock,  the 
screw  plug  with  a  vertical  hole,  to  one  side  of  its  center  is  screwed  to 
touch  top  of  fuse.  The  igniting  cap  with  its  channel  of  pressed  powder 
composition  is  then  inserted  so  that  the  under  opening  of  channel  shall 
communicate  directly  with  the  hole  through  screw-cap,  which  is  also 
filled  with  the  composition.  Directly  under  the  projection  which  rises 
above  the  top  of  the  igniting  cap  is  the  upper  opening  to  channel.  Be- 
fore firing,  this  projection  is  removed  with  a  sharp  knife  and  the  com- 
position thus  exposed. 

Record  of  firing  with  Mclntyr^s  time-fuses,  rear,  made  at  Sandy  Hook  August  29  and  Sep^ 

tember  18,  1877. 

[Rifle  used:  3''  wronght-iron  rifle  No.  065.    Powder:  Impounds  of  mortar.    Shell:  Bntler;  weight,  10 

pcmnds.    Elevation:  1|^,  Ij^,  If^,  and  5o.) 


'^ 


o 


Remarks. 


Fired  at  1,000-vard  target ;  time  of  ftise  believed  to  be  5  seconds: 

1  Direct  hit,  8'  left,  5>  below;  did  not  explode. 

2  Burst  about  500  yards  fh>m  gun. 

3  Direct  hit,  5V  below,  4'  left;  burst  in  air  about  600  yards  beyond  target. 

4  Direct  hit,  4' left  of  center;  burst  in  air  about  300  yards  beyond  target. 

5  Direct  bit,  2*  left,  IV  below ;  burst  in  air  about  400  yards  beyond  target. 

6  Struck  70  paces  in  front  of  target;  burst  in  air  after  striking  ground. 

7  I  Struck  45  paces  in  front  of  target;  burst  in  air  after  striking  ground. 

8  •  Struck  65  paces  in  front  of  target ;  burst  in  air  after  striking  ground. 

9  '  Struck  34  paces  in  front  of  target;  burst  in  air  after  striking  ground. 

10  •  Struck  57  paci^s  in  front  of  target;  did  not  burst 

11  Fired  over  water;  did  not  burst. 

12  Fired  over  water;  burst  at  muKzle. 

13  j  Fired  over  water;  burst  in  air  about  }  of  a  mile  frmn  gun. 
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GILL  COMBINATION  FUSE  ^0,  I. 

(Plate  X.) 

The  metal  stock  A  of  this  fuse  is  open  at  both  ends,  the  front  half 
being  bored  conically  to  receive  the  timefuse  B.  At  the  bottom  of  the 
recess  for  fuse  B  is  a  small  disk  of  metal,  C,  having  a  vent-hole,  D,  throuj^h 
its  center ;  about  ^  of  an  inch  beh)w  the  disk  C  is  a  second  and  heavier  one, 
E,  having  a  central  projecting  i)oint,  F,  on  the  under  side ;  through  this 
disk  and  equidistant  from  its  center  are  tliree  small  holes.  The  spac4? 
between  disks  is  filled  with  pressed  musket-powder,  ineces  of  thin  i)aiHT 
preventing  its  tailing  through  holes  in  disks.  The  remainder  of  the 
stock  A  is  bored  eylindrically  for  the  play  of  the  triangular  plunger  G, 
the  hole  through  center  of  whidi  is  surmounted  by  a  i>ercussion  cap,  H. 

On  one  of  the  triangular  edges  of  j^lunger  G,  is  a  single  stud  ninniug 
full  length  of  plunger;  both  of  the  other  edges  have  two  studs,  so 
arranged  that  the  ones  in  front  shall  be  in  a  different  plane  to  insure 
freedom  at  impact.  The  cylindrical  hole  M  through  plunger  is  filled 
with  i)ressed  musket-powder  and  end  8toi)ped  by  a  leather  plug.  A 
safety  pin,  K,  secures  plunger  in  place.  A  metal  pin,  L,  prevents  plunger 
from  falling  out,  and  a  paper  washer  closes  the  rear  end  of  stock. 

The  fuse  acts  as  follows:  the  time  fuse  B,  cut  for  a  certain  number  of 
seconds,  is  ignited  at  the  instant  of  discharge  b}^  the  gas  from  iK)wder 
charge,  and  the  flame  from  fuse  composition  ignites  the  pressed  musket- 
I)owder  between  the  disks  C  and  E,  which  in  turn  ignites  the  bursting 
charge  of  shell.  Should,  however,  the  flight  of  the  projectile  be  ari-ested 
before  the  burning  out  of  fiise  composition^  the  plunger  G  is  thrown 
forward,  the  cap  striking  the  projecting  i)omt  F  on  disks  E,  igniting 
mealed  powder  in  center  of  plunger  G,  this  igniting  the  bursting  charge 
and  exploding  the  shell. 

Record  of  firing  with  G-ilPs  combination   fuHes  No.  1,  made  at  Sandy  Hook  July  21  and 

October  26,  1877. 

[Rifle  used:  3"  wrought-iron  rifle  No.  965.    Powder:  li  ponndn  of  old  mortar.    SheU:  Dyer;  weight 

8  pounds  15  ouiicca.    Elevation  1|°.] 
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RemarkB. 


Fired  at  1,000-yard  target  for  perru»8ion : 
Over  target ;  did  not  explode. 

Direct  hit,  4'  above  center;  exploded  on  Htrikinpi:  ffround  behind  target. 
Struck  38  paces  in  front  of  target ;  did  not  exi)lo<le. 
Direct  hit,  3'  above,  7'  left ;  did  not  exphnle. 
Struck  6  paces  in  front  of  target ;  did  not  expUxle. 

Fired  along  beach  for  percussion : 
Burst  in  air ;  time,  2}  seconds. 
Did  not  burst. 
Did  not  burst. 

Burst  in  air ;  time,  2|  seconds. 
Burst  in  air ;  time,  l|  seconds. 
Did  not  burst. 
Did  not  burst. 

All  3-8econd  time-fuses ;  flrcd  along  beach  for  time : 
Did  not  burst. 
Did  not  burst. 
Did  not  burst. 
Did  not  bui*8t. 

Burst  in  air ;  time,  2|  seconds. 
Did  not  burst. 
Did  not  burst. 
Did  not  burst. 
Did  not  burst. 
Did  not  bui-st. 

Burst  in  air  900  yards  from  gun. 
Did  not  burst. 
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GILL  COMBINATION  FUSE  NO.  2. 

(Plate  XI.) 

Consists  of  a  nietjil  stm^k,  A,  open  at  the  rear  but  closed  at  the  front 
end  by  a  screw  plup:,  B,  having  a  transversal  pi-qjection,  C',  on  the  out,  and 
a  central  one,  D,  on  the  inside,  both  bored  to  form  right-angled  channels, 
which,  when  flUed  with  i>ressed  gunpowder,  constitutes  the  igniter  for 
tinie-tiise.  At  the  bottom  of  the  cylindrical  i)ocket  of  the  stock  A  there 
is  a  recess  to  receive  the  wedge-shaped,  soft -metal  valve  or  stopper-ring 
F,  which  is  lield,  after  being  pressed  tightly  into  place,  by  two  pins  G. 
The  stock  terminates  in  a  slightly  conical  shapetl  projection  bored  to 
receive  and  hold  securely  the  time-fuse  11.  The  bottom  of  the  recess  for 
valve  F  is  open,  excei)t  at  the  three  points  or  shoulders  E.  The  screw- 
plug  B  is  pro\ided  also  with  two  holes  KK  through  which  may  be  passed 
a  strand  of  quick  match  to  insure  ignition  of  time-fuse. 

The  operation  of  the  fuse  is  as  follows :  The  gas  from  the  burning  powder 
charge  starts  the  igniter,  which  in  turn  ignites  time-fuse — cut  as  desired ; 
shoiild  the  shell's  progress  be  arrested  before  burning  out  of  fuse,  the 
soft-metal  ring  is  thrown  forward,  allowing  gas  from  burning  ftise  free 
communication  with  bursting  charge  in  shell. 

Record  of  firing  tcifh  GilVn  combinalion  fune  So.  2,  mach  at  Sandy  Hook  August  29  and 

October  26,  1877. 

Rifle  used:  3"  wrought -iron  I'iflt'  No.  965.    Powder:   IJ  pouuds  of  inortur.    Shell:  Dyer;  weight,  8 

IM>tind8  15  ounceM.    Elevation :  1  jo.  ] 
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RemarkH. 


Fired  at  l,0O0-.vard  target: 
3"  fuse ;  direct  hit,  3^  below,  1  J.'  left ;  fired  for  percuiwion ;  did  not  explode. 
3"  fuse ;  exploded  in  air  80  paces  in  frout  of  target ;  fired  for  time. 
y  fuse ;  expIo<led  in  air  100  paceM  in  front  of  target ;  fired  for  time. 

Quick  match  U8ed  on  ignit'er  in  all  save  the  fimt. 
5"  fuse ;  direct  hit,  3^'  left  of  center ;  fired  for  percussion ;  exploded  in  air  200  yards  beyond  target 

aft«r  it  had  struck  ground. 
5"  fuse  ;  direct  hit,  5^  below,  1^  right ;  fired  for  percussion ;  did  not  explode. 

Fired  along  beach : 
3"  fuse ;  burst  iii  air  800  yards  fnim  pun ;  fired  for  time. 
3"  fuse ;  burst  on  striking  ground ;  tired  for  time. 
3"  fuse ;  burst  in  air ;  time,  3  seconds ;  fired  for  time. 
3"  fuse;  burst  on  striking  ground ;  fired  for  time. 
3"  fuse ;  burst  in  air ;  time,  21  seconds ;  fired  for  time. 
3"  fuse ;  burst  in  air ;  time,  3  sec<mds ;  fired  for  time. 
3"  fuse;  burst  in  air;  time,  2}  seconds  ;  fired  for  time. 
3"  fuse ;  burst  in  air ;  time,  21  seconds :  fired  for  time. 
3"  fuse ;  burst  on  striking  ground ;  fired  for  percussion. 
^"  fuse ;  burst  in  air ;  time,  3  sec^mds ;  fired  lor  percussion. 
5"  fuse;  burst  on  striking  ground:  fired  for  percussiiin. 
.'>"  fuse :  burst  on  striking  ground :  fir<»d  for  percussion. 
5"  fuse :  burst  on  stiiking  gnnmd ;  fired  for  percussion. 
5"  fuse ;  burst  on  stnking  ground :  fiivd  for  percussion. 
.V  fuse ;  burst  on  striking  ground ;  fired  for  percussion. 
.'>"  fuse;  burst  on  stxiking  ground :  fired  for  percussion. 
5''  fuse  ;  burst  on  striking  ground :  fired  for  percussion. 
.V  fuse ;  burst  on  stiiking  ground :  st>cond  time  fired  for  percussion. 


O'REILLY  COMBINATION  FUSE. 

(Plate  XII.) 

Consists  of  a  metal  stock,  A,  open  at  the  rear,  but  closed  at  front  end 
by  a  screw-cap,  B,  from  which  projects  two  studs  00  for  screwing  and 
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unscrewing  the  cap.    There  are  also  two  holes  DD  in  screw-cap  through 
which  is  passed  and  secured  a  strand  of  quick  match,  E. 

The  fuse  F  is  tightly  pressed  into  a  conical  shaped  snug-fitting  plunger, 
G,  held  in  place  by  a  wire,  H,  which  passes  through  a  hole,  I,  in  side  of 
stock  and  enters  a  cannelure  on  the  plunger. 

The  opemtion  of  the  fuse  is  as  follows :  At  the  instant  of  discharge  the 
quick  match  is  ignited  by  flame  from  charge  of  powder;  this  igrnites  the 
fiise,  which  continues  to  burn  as  an  ordinary  time-ftise ;  when  the  flight 
of  the  projectile  is  arrested,  the  plunger,  by  its  inertia,  is  driven  forward, 
sheering  oflf  the  pin  which  holds  it^  and,  l)eing  followed  by  loose  i)owder 
in  shell,  ignition  and  explosion  follow. 

Record  of  firing  with   C'Reilly^s  combination   funcM^  mmie  at  Sandy    Hook  Jul  if  21   anti 

October  2((,  1877. 

Rifle  n»ed :  3"  wrought-iron  ride  No.  985.    Powder :   1 J  pounds  old  mortar.    Shell :   Dyer ;  ^jreight,  8 

poiindH  15  oiiucca.    Elevation:  If  ©  aud  5°.] 


o 
6 


RemarkH. 
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Fired  at  1,000-vartl  tarjiet.  for  porrHssioii : 
Struck  12  paces  in  front  anil  burnt,  v^oin^  thronph  target. 
Stnick  142  pacert  beliind  tarjfet :  burnt  in  air  after  Htrikinj:. 
Direct  hit.  4^'  left,  C  below ;  ex]doded  on  Htrikiiij;  beliind  tarjfct. 
Ri(;ht  of  target ;  exploded  on  Htrikinc. 
Direct  hit.  ii'  riglit,  3'  below ;  exploded  on  Htriking  behind  targrt. 

Fired  along  beach  fur  time:  3  He<'ondH  tinie-fn»e: 
Did  not  burst. 
Did  not  burnt. 
Did  not  burst. 
Did  not  burst. 
Did  not  burst. 
Did  n«»t  burnt. 
Did  not  burnt. 
Did  not  burnt. 
Did  not  burst- 
Burnt  in  air ;  time,  2 J  necondn. 
Did  not  burnt. 
Did  not  burnt. 
Did  not  burnt. 
Did  not  burnt. 
Did  not  burnt. 
Did  not  burnt. 
Did  not  burnt. 
Did  not  burnt. 


THOMPSON  COMBINATION  FUSE. 

(Plate  XIII.) 

The  time  and  percussion  arrangement  of  this  fuse  ai'e  entirely  inde- 
pendent of  each  other^  the  metal  stock  A  being  bored  throughout  its 
length  on  one  side  comcally  for  the  time-fiise  B,  and  on  the  other  cylin- 
drically  for  the  percussion  device.  The  time-fuse  is  ignited  by  a  plunger, 
E,  which  forms  part  of,  and  is  secured  to,  the  screw-cap  C,  by  a  brittle 
wire  W,  the  lower  end  of  this  plunger  being  slightly  recessed  to  receive 
a  fulminate  wafer  H.  The  inner  eiul  of  cap  arrangement  is  turned  un- 
der, forming  a  hollow  cone.  The  i)ercussion  de^ice  or  fri(^tion  primer  G 
consists  of  a  brass  tube,  filled  with  friction  comiiosition  pressed  around 
a  flat  brass  wire  having  serrated  edges,  the  outer  end  of  the  wire  being 
secured  to  a  cylinder  of  thin  brass  \diich  projects  beyond  the  fuse-stock. 
The  friction  primer  is  pro\ided  with  a  screw-thread  to  secure  it  to  stock. 
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and  the  channel  D,  into  which  it  is  screwed,  is  filled  with  quick-burning 
powder. 

The  action  of  the  fuse  is  as  follows:  The  shock  of  discharge  frees  the 
plunger,  which,  being  thrown  violently  back,  the  fulminate  H  is  ignited 
on  cone,  setting  fire  to  time-fuse.  Should  the  projectile  strike  before 
burning  out  of  time-fuse,  the  wire  in  projecting  primer  G  is  driven 
through  the  friction  comi)osition,  and  the  powder  in  channel  D  is  ignited, 
the  flame  from  which  communicates  directly  with  i)Owder  charge. 

Record  of  firing  with  Thompnon  comhiaation  fu^es,  made  at  Sandy  Hook  Augmt  3, 1877,  and 

May  10,  1878. 


(Rifle  nftod:  3"  wrought-iron  rifle  Ko.  065.    Ptiwder:  1^  pouuda  of  mortar. 

ItonndB  15  ounces.    £levation,  }°,  1°,  1|°,  and  5<^.] 


Shell:  Dyer;  weight,  8 
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Remarks. 


Fired  at  1,000-yard  target : 
3  seconds ;  burst  in  air  about  400  yards  from  gun ;  premature. 
3  seconds ;  burst  in^air  about'400  yards  ttoia  gun ;  premature. 
3  seconds ;  burst  iu  air  about  400  yards  trova  gun ;  prematuit^. 
3  seconds ;  burst  in  air  about  400  yards  from  gun ;  premature. 
3  seconds ;  burst  in  air  about  400  yards  from  gun ;  premature. 

After  these  five  rounds  had  been  fired  the  n^mabider  of  the  Aises  were  sent  to  Frankford  arsenal 
for  alterations,  at  the  request  of  Mr.  Thompson. 

Fired  over  water,  for  time : 
3  seconds ;  burst  iu  air ;  time,  2}  seconds. 
3  seconds ;  burst  in  air ;  time,  21  seconds. 
3  seconds ;  burst  in  air ;  time,  ]|  seconds. 
3  seconds ;  burst  in  air ;  time,  ll  seconds. 
3  seconds ;  burst  in  air ;  time,  1}  seconds. 

Fired  at  440-yard  target,  for  percussion : 
5  seconds ;  burst  going  through  target ;  time,  1}  seconds. 
5  seconds ;  burst  at  muzKle :  premature. 

5  seconds ;  went  through  target  and  burst  on  striking  sand  40  yards  beyond ;  time,  2}  seconds. 
5  seconds ;  burst  going  through  target ;  time,  2  seconds. 
5  seconds;  burst  near  muzsle ;  premature;  time,  1  second. 

Fired  for  percussion,  striking  sround  about  000  yards  ftom  gun : 
5  seconds :  burst  on  striking  sand;  time,  2^  seconds. 
5  seconds ;  burst  at  muzzle ;  premature. 
5  seconds ;  burst  in  air  after  striking  sand ;  time,  3]  seconds. 
5  seconds ;  burst  in  air  immediately  after  striking  sand ;  time,  2|  seconds. 

These  14  fuses  were  returned  ih>m  Frank fora  arsenal,  where  alterations  suggested  by  Mr. 
Thompson  had  been  made.  Before  firing  them,  Colonel  Burbridge,  representing  Mr.  Thompson, 
requested  still  further  changes,  which  were  made  in  New  York. 


WABB  COMBINATION  FUSE  NO.  1. 

(Plate  XIV.) 

Consists  of  a  metal  stock,  A,  open  at  the  rear,  but  closed  at  the  front 
end  by  a  screw-cap,  B.  The  cap  B  is  provided  with'  four  holes,  two  of 
tliem  to  receive  the  wrench  for  screwing  and  unscrewing  it  in  and  out  of 
tlie  shelL  the  other  two  for  the  pins  D  D,  which  fasten  to  the  cap  the 
igniter  E,  an  annular  piece  of  metal  having  four  projecting  points, 
marked  L.  The  stock  is  bored  cylindrically  for  nearly  half  its  entire 
length,  followed  by  a  conical-shaped  seat  for  the  plunger  F.  The 
l)hinger  and  remainder  of  stock  are  bored  slightly  conical  to  receive  and 
hold  firmly  the  time-fuse  G.  Around  the  top  rim  of  the  plunger  is  cut 
an  annular  channel  to  receive  the  fulminate  wafer  H. 

The  fuse  works  as  follows:  Upon  movement  of  the  shell,  the  igniter  E 
frees  itself  from  the  cap  B,  moves  down  ui)on  plunger  F,  and  its  i)oint, 
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striking  fulminate  wafer  H,  ignites  the  fdse  G,  when  motion  of  shell  is 
arretted,  the  plunger  F,  fuse  G,  igniter  E,  and  loose  powder  in  shell 
move  forward  to  cap  B,  the  igniter  E  closing  the  four  small  radial  air- 
holes K  in  head  of  stock,  preventing  water  and  diit  from  entering  and 
extinguisliing  fiise.  This  forward  movement  of  fuse  and  plunger  allows 
gas  from  fuse  composition  free  communication  with  interior  of  shell,  to 
further  facilitate  which  small  ra<lial  holes,  M  and  y,  are  bored  in  i>liinger 
and  stock. 

Record  of  firing  with  1Var(''ti  combination  /hhch  Xo.  1,  made  at  S<tn(ly  Hook,  August  3,  1877, 

and  March  11,  1878. 

[Ritlc  iidt^l :   3"  wrought-in^n  rifle  Xo.  96r>.      Powder :    IJ  poiindH  of  mortar.     Shell :    Dyer ;  weight, 

poniidH  15  oiinres.     Elevation :  1°,  Uo,  l|o  ami  10°.] 
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d 


ReiuarkH. 


Fired  to  Htiike  in  front  of  l,0(M)-yard  target : 

1  i  3  seconds ;  burijtt  in  air  about  300  yanlH  fi'uni  j;uu. 

3  fteeouds;  stniek  15  paceH  in  froiit  of  tar;;et :  InirHt  on  Ktrikinp 

3  seconds ;  direct  hit,  3'  6"  lielow,  0"  to  left :  did  not  burs*t. 

3  seconds;  ilirect  hit,  H"  right.  3'  above :  burst  in  air  after  striking  ground. 

3  seconds ;  exi)UMled  in  air  about  500  yanis  from  gun. 

3  m*conds;  fln^d  down  bea<*h  for  time*:  bui-st  in  air;  time,  2i  s4»conds. 

3  seconds;  fin*d  down  beaeli  tVu-  time;  burst  in  air:  tinu*,  2i  seconds. 

8  I  4  seconds;  ftr«'d  at  1.000  yanl  target  for  percusMicm;  burst  In  air;  time.  2  se<'onds. 

9  I  5  seconds;  AixmI  at  1,000-yard  target  f(»r  ]»ei"cuHsion  ;  burst  on  striking  ground;  time.  2}  »ecoii«ls. 
5  seconds;  fired  at  1,000-yanl  target  for  percussion;  passed  thituigli  titrget  and  burst  in  air  after 

strikhig  gnnind  ;  time  5 J  seconds. 

5  seconds ;  fin-d  down  bea<*h  for  tiiue ;  burst  in  air  after  striking  ground ;  time,  lOJ  secouds. 

12  5  seconds:  fire«l  down  beadi  for  tinu* :  burs*t  in  air  after  striking  gitnind  ;  time,  TJ  seiutncl^ 

13  I  5  seconds;  ftivd  dowii  beacli  for  tuue;  burst  in  air  after  striking  ground;  time,  5|  seeomlH. 
5  seconds ;  flre<l  down  beacli  for  time ;  burst  in  air  after  stiiking  gi'ouud ;  time,  4  seeoud.s. 
5  seconds ;  flnnl  over  water  for  time ;  burst  in  air;  tuue,  4i  secoiuis. 
5  seconds;  flnnl  over  water  for  tinu' :  burst  in  air;  time,  .'4  seconds. 
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W^ARE  COMBINATION  Fl  SK  NO.  2. 

(Plate  XV.) 

Consists  of  a  metal  stock,  A,  closed  at  upper  end  by  a  screw-caii,  B ;  on 
the  shoulder  ( ■,  near  the  bottom  of  the  cylindrical  s]iac;e  in  the  stock,  ivsts 
a  metal  ring  1),  having  a  recess  turned  in  its  upper  surface  to  i^eceive  the 
fulminate  water  E;  between  tlie  ring  and  shoulder  lies  a  soft  metal  i-ing 
or  gas-check,  F.  The  plunger  G,  bored  slightly  conically  to  receive  the 
timefuse  H  has  at  its  upper  end  fimr  projecting  amis  I,  termiimting  on 
the  under  side  in  sharj)  points  K.  From  the  bottom  of  the  stock  [nx>- 
jects  the  four  points  L.  To  the  lower  end  of  the  plunger  is  secured  a  me  till 
ring  M,  on  the  upper  surface  of  which  is  cut  a  recess  to  receive  the  fiibui- 
nate  wafer  X  (like  E).  Tlie  plunger  is  held  in  plaee  by  the  safetyiuu  O. 
There  are  also  in  the  projecting  end  of  stock  four  radial  holes  P,  for 
escai)e  of  gas. 

The  fuse  is  intended  to  act  as  follows :  When  the  projectile  is  set  in 
motion,  the  plunger  by  its  ineilia  is  carried  back,  sheering  otf  the  safety- 
pin  C) ;  the  projecting  points  K  strike  the  fulminate  E,  which  ignites  the 
time-fuse. 

Wbcii  its  motion  is  arrested  tlie  plunger  moves  forward  bringing  the 
metal  ring  M  and  tiihninate  X  against  the  sliaii>  points  L,  igniting  powiler 
charge,  which  is  also  thrown  forward  and  surrounds  the  ring. 
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Jiecord  of  firing  with  War^s  wiMnation  fnses  No.  %  made  at  Sandy  Hooky  August  3  and  4, 

1877. 

[Rifle  used:  3''  wrongbt-iron  rifle  No.  965.    Powder:  1^  pounds  of  mortar.    Shell:  Dyer;  weight,  8 

pounds  15 ounces.    Elevation:  1|°.] 


a 
2 


1 

2 
3 

4 
5 


Bemarks. 


Fired  to  strike  in  front  of  1,000-yard  target : 
3  sc'CondH ;  hiirat  at  muszle. 
3  si'conds ;  burst  in  air  aliout  50  yards  from  gnn. 
3  Heounds ;  burst  at  mnzzle. 

Lower  percussion  ring  taken  off;  burst  at  muzzle. 
Fuse  not  altered ;  burst  at  mnzzle. 

After  firing  the  above  the  balance  were  withdrawn. 


TREADWELL  COMBINATION  FUSE. 

(Plate  XYI.) 

This  is  a  modification  of  the  Spliiigard  ftise,  and  consists  of  the  follow- 
ing parts :  A  metal  fuse  plug,  E ;  a  paper  ca«e,  A,  into  which  the  fiise 
coinpcKsition  B  is  driven  around  a  mandrel,  a  leaden  comigated  cylin- 
der, C,  being  left  as  a  lining  of  the  fuse  composition  after  the  mandrel  is 
witlidrawni ;  a  tube,  D,  closed  at  the  ft*ont  end,  is  now  made  by  i)ouring 
fluid  plaster  of  Paris,  or  this  with  asbestos  mixed. 

The  theory  of  the  fuse  being  that  the  fuse  composition  burning  down 
leaves  the  plaster  Paris  tube  unsupported,  and  at  impact  the  closed  end 
is  broken  off,  gi\ing  the  flame  of  the  fuse  access  to  the  bursting  charge 
of  tlie  i)rojectile. 

Record  of  firing  with  TreadtreU  combination  fnttett,  made  at  Sandg  Hook^  August  4  and  Sep- 
tember *20,  lt577. 

[Rifles  used  :  4i"  siege  rifle  No.  101 ;  3"  WTOUght-iron  rifle  No.  965;  4 J"  siege  rifle  No.  101.    Powih-r:  3^ 
pounds  n«^w  mortar  E.  Z.    Shtll :  Abst(>t(lani ;  wiight,  24^  pounds,    lilevation :  5°  and  10^.] 


Remark.". 


J<   i 


1  I  Fired  over  water ;  fns**  w»t  at  5" :  burst  in  3J";  fin-d  for  time. 

2  F'irtMl  over  watc'r ;  fuse  s«*t  at  5"  ;  burnt  in  2i"  ;  fln'd  for  tiuH'. 

3  Firt'd  ovrr  wut^-r ;  fum*  »vt  at  10" ;  burst  in  2" ;  fiit'd  f«n"  time. 


{3"  wrougbt-in»n  rifle  No.  965.    Powder:  1^  pounds  mortar.    Sb«'ll:  Dver;  weiglit,  8  pounds  15  ounces. 
^  Eb'vatitm:  ip.] 


1 
'2 

3 
4 


Firfd  at  1.000-yanl  targ«'t.  for  iM'Tfusslon : 
FuHt'  H«'t  at  3  Hceimds;  burst  in  air  aUuit  100  ynnU  fixmi  gim. 
FuH«*  sot  at  3  s^-eomls ;  bui-st  in  air  aliout  100  yanls  fi-om  gun. 
Fuso  s<'t  at  4  siH'ouds :  burst  in  air  alH»ut  50  yanls  from  gun. 
FuM<>  m-t  at  5  seconds;  burnt  in  air  aliout  200  yunls  fnmi  gun. 
Fuse  set  at  5  Meconds :  bui-st  in  air  alHuit  300  yanls  fn»m  gun. 
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RUBEN  AND  FORNEROD   (SWISS)   COMBINATION  FUSES, 

(Plates  XVII  and  XVIH.) 

These  two  fuses  are  alike  in  principle,  and  differ  only  in  that  the  larger 
one  (Plate  XVII)  has  two  tiers  of  burning  composition  and  is  capable  of 
burning  20  seconds,  twice  the  length  of  time— as  a  time-fuse— that  the 
smaller  one  (Plate  XVIII)  can  bum. 

The  fiises  consist  of  three  principal  parts,  the  body  A,  the  inertia 
igniter  B,  and  the  percussion-fuse  attachment  C.  A  and  B  constitute  the 
tijue-fuse.  The  former  is  made  of  an  alloy  of  equal  parts  of  lead  and  tin, 
while  B  and  C  are  of  brass.  The  bodj'  A  is  provided  on  its  exterior  with 
a  screw-threa<l,  by  means  of  which  it  is  connected  with  the  shell ;  the 
central  cylindrical  paii:  is  also  provided  with  a  screw-thread,  into  which 
fits  the  assembling  screw  of  igniter  B,  which  binds  aU  the  dinerent  parts 
of  the  time-fiise  together. 

The  body  A  of  the  larger  fuse  (Plate  XVII)  is  composed  of  three  parts, 
a,  hj  and  c  "(Figs.  3,  4,  and  5) ;  the  upi)er  part  a,  or  the  regulator  (Fig.  3), 
is  a  ring  of  tiimcated  fonn ;  it  has  a  piiming  chamber,  and  a  channel  on 
its  under  side,  inclosing  compressed  mealed  powder.  The  chamber 
opens  externally  upon  a  thin  part  of  the  wall  and  internally  upon  the 
€ore.  The  channel  is  covered  bv  a  disk  of  foil.  The  rim  of  the 
regulator  a,  is  di\ided  into  50  equal  parts,  each  one  representing  one- 
fifth  of  a  second.  The  part  b  (Fig.  4)  has  also  a  chamber  and  similar 
channel  of  compressed  mealed  powder ;  the  chamber  opening  on  top  for 
communication  with  tlie  channel  of  a,  and  on  the  ontside  for  escape  of 
gas,  the  outside  oi)ening  being  covered  with  wax.  Between  a  and  b 
and  glued  to  the  top  of  &  is  a  washer  of  tliick  cloth  with  a  small  hole 
through  it  just  over  opening  to  chamber  of  b.  The  lower  part  c  (Fig.  5) 
has  on  its  under  side  a  circSar  channel  of  rifle-powder  covered  by  a  i>er- 
forated  disk  of  copper — a  piece  of  gauze  separates  the  powder  and  cop- 
l>er  ling ;  a  vertical  channel  filled  vdih  rifle-powder  allows  a  communica- 
tion between  powder  in  b  and  the  rifle-powder  in  c ;  separating  b  and  c, 
and  glued  to  top  of  latter,  is  a  washer  of  cloth  exactly  similar  to  one  sep- 
arating a  and  b.  The  outside  rim  of  this  piece  is  also  graduated  into  50 
•equal  part^,  each  one  reading  one-fifth  of  a  second. 

The  igniter  B  (Figs.  2  and  6)  consists  of  three  parts,  d,  e,/,  and  g^  the 
stock  d  has  a  cylmdrical  cavity,  at  the  center  of  the  bottom' of  which  pro- 
jects a  shar|)  pin-point ;  four  radial  holes  at  bottom  of  cavity  allows  the 
gas  from  igniter  to  escape  and  spread  into  a  circular  groove  aroiuid  the 
outside  of  the  stock ;  a  brass  washer  separates  the  hexagonal  rim  of  the 
head  of  the  stock  from  the  regulator  or  part  a  of  the  body.  At  the  bot- 
tom of  the  stock  there  is  a  cylindrical  projecting  cup  filled  with  the  same 
composition  as  that  in  the  igniter,  and  also  covered  with  a  solution  of 
rubber.  The  cylindrical  phmger  e  (Fig.  7)  has  in  the  center  of  it«  base 
a  recess  which  contains  the  ftilminate  priming,  w^hich  is  believed  to  be 
made  of  five  parts  chlorate  of  potassa,  one  of  sulphide  of  antimony,  and 
one  of  powdered  glass,  all  coati^d  with  a  solution  of  rubber ;  the  crown- 
shaped  spring/ (Fig.  8)  is  stamped  out  of  a  thin  piece  of  steel;  it  has 
four  spring  leaves ;  the  bottom  of  the  si)ring  is  shaped  to  fit  the  base  of 
the  plunger  and  to  exi>ose  the  fulminate  in  plunger;  the  screw-caj)  g 
closes  the  top  of  the  stock  d ;  a  hole  through  its  center  allows  the  cylindri- 
cal projection  on  top  of  plunger  to  pass  through  and  centers  the  plunger 
in  spring  and  cylindrical  cavity  of  stock. 

The  percussion  attachment  C  consists  of  five  parts,  h,  A-,  w,  w,  o;  the 
lioUow  cylindrical  stock  h  (Fig.  9)  has  a  solid  bottom,  i)ierced  with  a 
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small  central  hole  for  passage  of  gas  from  the  fiilminating  composition 
into  the  shell ;  this  hole  is  closed  by  a  piece  of  fine  netting,  or  gauze,  to 
prevent  the  powder  in  the  shell  from  penetrating  fuse-stock  or  body ;  a 
shoulder  turned  on  its  exterior  fixes  its  position  in  the  fiise-hole  of  shell: 
the  cyhndrical  plunger  K  (Fig.  10)  has  through  its  axis  a  longitudinal 
channel,  at  the  head  of  which  is  secured  a  shari)  steel  projecting  point ; 
forward  movement  of  the  plunger,  except  upon  impact  in  flight,  is  pre- 
vented by  a  steel  crown-shaped  spring  w,  ?Fig  11),  similiar  to  the  one 
heretofore  described.  A  hollow  cyUnder  n,  (Fig.  12),  centers  the  plunger 
and  is  just  long  enough  to  permit  the  pin  point  to  reach  and  pierce  the 
fulminate  on  impact;  the  stock  is  closed  by  a  brass  ring  o,  resting  on 
a  shoulder  turned  in  top  of  stock. 

Tlie  action  of  the  combination  is  as  follows :  Upon  the  inflammation 
of  the  charge,  the  plunger  is  thrown  back,  the  spring  being  compressed, 
and  the  plunger,  with  its  fulminate,  strikes  the  me^llic  point ;  the  gas 
due  to  the  consequent  ignition  passes  through  the  openings  in  the  wall 
of  the  tube,  spreatls  into  the  circular  groove  aroimd  the  outside  of  the 
tube,  ignites  the  pruning  of  the  bimiing  column,  and  thus  causes  the 
inflammation  of  the  section  of  this  column  in  contact  with  it ;  inflamma- 
tion spreads  along  the  burning  prism,  and,  reaching  its  origin,  is  com- 
municated to  the  second  tier  (if  fiise  is  set  for  more  than  10  seconds),  and 
so  on  to  the  chamber  and  recess  of  rifled  jwwder  which  communicates 
with  the  powder  in  shell. 

The  combustion  of  the  priming  of  compressed  powder  produces  suffi- 
cient heat  to  melt  the  thickness  of  metal  which  closes  the  priming-cham- 
ber, and  thus  afionls  a  broad  outlet  to  the  gas  from  the  burning  column. 
From  experiments  made  in  Switzerland,  it  is  believed  these  fuses  offer 
entire  security  against  premature  ignition,  the  shells  being  given  the  most 
violent  shocks  wliich  could  be  received  in  transportation,  loading,  or 
unloading.    The  ignition  is  veiy  certain,  even  with  reduced  charges. 

Should  the  fuse  strike  any  resisting  object  before  the  burning  compo- 
sition has  reached  the  i)oint  to  which  the  time-fiise  was  set,  the  plunger 
or  percussion  attachment  C,  is  thrown  forward,  the  spring  l>eiug  com- 
pressed, and  the  pin  point  pierces  the  fulminate  at  base  of  igniter  B,  and 
the  gas  resulting  has  direct  access  to  bursting  charge  of  shell. 

(Plate  XVin.) 

The  smaller  fuse  has  the  same  general  features  as  the  larger ;  it  differs 
fix)m  it  in  that  it  has  but  one  layer  of  composition,  which  bums  10  seconds. 

Tlie  body  A  is  in  two  parts  only:  the  regidator  a  (Fig.  3)  with  its  cir- 
cular groove  of  compressed  mealed  powder  has  on  its  outside  rim  50 
equal  divisions  representing  fifths  of  seconds.  Tlie  lower  i)art  of  the  ft, 
(Fig.  4)  covers  the  i)ercussion  attachment  0,  and  has  running  vertically 
through  one  side  a  hole  filled  with  rifle-powder ;  this  is  the  channel  of 
communication  between  burning  composition  of  timefuse  and  bursting 
charge  of  shell.  Tlie  conical  outside  surface  of  the  igniter  B,  is  rough- 
ened to  facilitate  turning  of  the  assembling  screw  which  binds  the  dif- 
ferent parts  of  the  ftise ;  by  loosening  and  tightening  this  screw  the  regu- 
lator is  set  to  the  required  time.  The  different  parts  of  this  fuse  function 
as  those  of  the  larger  fuse. 

27  ORD 
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PLUMACHER'S  PERCrSSION-FtJSE. 

(Plate  XXI.) 

This  fuze  consists  of  a  tube  the  interior  of  which  has  three  pc<*iiliar- 
shaped  eommiinicating  chambers  of  ditfereut  sizes,  a  screw-cap,  a  screw 
bottom,  a  winged  needle-discharging  plunger  in  the  upi)er  chamber,  and 
a  charged  i)lunger  in  the  lower  chamber,  the  two  i)lungers  l>eing  kept 
apart  by  the  third  smaller  or  inten-ening  chamber,  as  will  be  shown  by 
reference  to  Plate  XXI. 

Fig.  1  is  a  vertical  section  of  the  charged  fuse  in  repose,  top  end  up. 
Fig.  2  is  a  vertical  section  of  the  charged  fuse  at  the  i>oint  of  striking, 
after  having  been  discharged  from  the  gim,  top  end  down.  Fig.  3  is  a 
vertical  section  of  the  em])ty  fuse-case.  Fig.  4  is  a  plan  of  a  steel  spring 
as  cut  from  the  sheet.  Fig.  5  is  an  edge  elevation  of  the  steel  spring 
bent  for  use.  Fig.  6  is  the  needle  or  discharging-plunger,  the  spring 
fixed.    Fig.  7  is  an  elevation  and  plan  of  the  percussion-plunger. 

In  external  ai)pearance  the  fuse-tube  A  Ls  an  ordinary'  cylinder,  liav 
ing  a  screw-thread  t,  cut  to  a  pro])er  depth  at  one  end  on  the  periphen 
of  the  projectile.  It  is  made  of  the  size  usual  for  i>ercussion-fuses,  ^^ 
that  it  may  be  used  in  any  pattern  of  elongated  shell.  The  cavity  of 
this  cylin<ler  is  tapped  at  both  top  and  bottom  at  r  t*',  and  is  provi(le<l 
with  a  screw-cap  1),  and  a  screw-bottom  E,  and  the  interior  is  divided 
by  abutting  shoulders  o  o,  into  three  diiferent-sized  chaml)ers  /,  </,  and 
hj  in  which  the  sliding  plungers  operate.  The  screw-cap  D.  ha*s  a  groove. 
r,  that  it  may  be  handled  by  a  screw-driver,  and  an  inaeut,  «,  on  tlit* 
lower  side,  to  admit  the  point  x  of  the  needle  wj,  should  it  be  deeine<i 
necessary  to  reverse  the  discharge-plunger  when  shipping  the  projectile. 
Tlie  screw-bottom  E,  has  key-holes  u  w,  by  which  it  is  screwe<l,  &o..  and 
an  escape-hole  e',  through  it«  axis,  to  permit  the  passage  of  fire  into  the 
magazine  of  the  shell.  The  discharging-plunger  B,  is  a  cone-cix)wiiHl 
piece  of  metal,  smaller  in  diameter  than  either  of  the  chambers,  ^vitli 
a  tapi)ed  hole,  c,  in  the  apex,  into  which  a  pointed  steel  needle  w.  is 
screwed,  hohling  in  place  by  a  shoulder  on  the  needle  a  many-i>ointe<l  sti^i 
spring  A*.  The  steel  spring  k  is  just  sufficiently  stiff  to  hold  the  plunger 
in  place  and  to  prevent  it  from  being  forced  into  the  center  or  chaiiilH^i 
g,  by  -any  power  le^s  than  the  impact  produced  by  the  discharge  of  the 
projectile  from  the  gim.  The  i)lunger  is  contained,  needle-point  down. 
in  chamber  /,  but  by  the  impact  produced  by  the  discharge  of  the  gi»i 
it  is  thrown  forward  and  secured  by  the  flaring  springs  in  chamlicr  /?. 
Sliding  plunger  C,  incased  in  chaml>er  /i,  larger  and  heaAier  than  the 
plunger  B,  is  of  cylindrical  shai)e — a  body  of  metal  with  a  cone-shainnl 
crown,  having  through  its  axis  a  hole  e^  in  which  is  seciu'Cil,  by  a  (h'oi* 
of  varnish  or  other  suitable  material,  the  fulminating  powder  or  pill  '?• 
Through  this  hole,  also  passes  the  fire  into  the  magazine  of  the  shell. 

Extra  secimty  in  transportation  may  be  obtained  by  unscrewing  tin- 
cap  D  and  taking  out  and  reversing  the  needle-plunger  B,  securing  the 
point  X  of  the  nee<lle  ni  in  the  indent  8  in  the  lower  side  of  the  cap. 

When  fired,  the  impact  produced  upon  the  projec^tile  by  discharjri»f 
the  gun  from  which  it  was  throT^Ti  forces  plunger  B,  from  its  normal  iM)si 
tion  into  center  chamber  g^  where  it  is  held,  at  the  bottom,  by  the  narn)vr 
entrance  to  the  lower  chamber,  and  from  the  top  by  the  ends  of  the  many 
pointed  spring  coming  in  contact  with  projecting  shoulder  o  o,  dividing 
chamber  /from  g,  the  point  of  the  needle  m  protmding  into  the  larger 
chamber  h.  Then,  by  the  check  on  the  projectile  when  striking,  plunger 
C  is  thrown  violently  forward  on  to  plunger  B,  the  point  of  the  needle  w 
entering  and  discharging  the  pill  or  fiilminating-powder  rf,  thereby  ex- 
I)loding  the  shell.    (See  Fig.  2.) 
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Record  of  firing  with  Plumacher  percumon-fuaes,  made  at  Sandy  Hook,  December  14, 1877. 

[Rifle  nsed :  3"  wronght-irou  rifle,  No.  905.    Powder :  1^  ponnds  of  old  mortar.    Shell :  Hotchkiss  case* 
shot ;  weight,  8  ponntU  8  ounces.    Elevation,  1|°.] 


a 


Cm 

o 


Remarks. 


,  Fired  at  1,000-yard  target: 

1  ,  Struck  sand  thi'ee  times  and  water  twice ;  did  not  burst. 

2  I  Burst  at  muzzle. 

3  I  Burst  on  striking  ground. 


KESULTS  OF  FIRING. 


In  testing  the  fuses  submitted,  the  Board  decided  to  fire  five  prelim- 
inary rounds,  noting  results,  and  if  any  defects  in  workmanship  should 
be  developed,  particularly  in  those  of  new  construction,  that  the  parties 
presenting  the  fuses  should  be  notified,  in  order  that  the  defects  noted 
might  be,  if  possible,  corrected.  Under  this  ruling  the  Gill  No.  1,  Ware, 
Thompson,  and  Mclutyre  fuses  were  returned  for  alterations.  The  Ware 
Xo.  2  was,  after  the  5th  roiuid,  withdrawn ;  the  others  were  returned  and 
the  firing  continued. 

An  examination  of  the  records  of  firing  and  general  summary  of  tests 
ai)pcnded,  shows  that  in  the  firings  at  Sandy  Hook  the  fuses  stood  as 
follows  in  order  of  merit : 


Percussion. 

Time. 

Conibiiuition. 
(In  order  of  merit  as  time-fuses.) 

Combination. 
(In  order  of  merit  as  percussion- 
fuses.) 

1.  (J«'nnan. 

2.  HoKhkiss. 

X  EnjiliKh  (R.  L.). 
4.  Stheiikl. 

<>.  Al»Ht«nlam. 

7.  EiijjHhIi  (I'ettmaii). 

y.  Li8(«lM>rger. 

1.  German. 

2.  Lisnberger. 

3.  Mclntyre. 

1.  Woodbridge. 

2.  Gill  No.  2. 

3.  Ware  No.  1. 

4.  Thompson. 

5.  Ruben  &  Fomerod  (Swiss) 

No.  2. 

6.  Ruben  &  Fomerod  (Swiss) 

No.  1. 

7.  Mclntvre. 

8.  Gill  No.  1. 
0.  O'Reilly. 

1.  Ruben  &  Fomerod  (Swiaa) 

No.  2. 

2.  O'Reillv. 

3.  Woodbridge. 

4.  Gill  No.  2. 
3.  Thompson. 

6.  Ruben  &  Fomerod  (Swiss) 

No.  1. 

7.  Ware  No.  1. 

8.  Gill  No.  1. 

9.  Mclntyre. 

CONCLUSIONS. 

The  boanl  is  of  opinion,  fix)m  the  limited  trials  made,  as  recorded  in 
the  journal  of  firing,  that  no  well  established  superiority  exists  in  sev- 
eral of  these  fuses,  but  the  percentage  of  failures  are  so  great  in  some 
cases  that  it  woidd  be  useless  to  go  to  the  expense  of  making  further 
trials  with  them ;  it  is,  however,  reconunended  that  of  the  percmsion  mid 
timefuses  the  following  kinds  only  be  procured  for  further  tests,  to  wit: 

Percussion, — ^German,  Hotchkiss,  English  R.  L.,  Schenkl. 
Time. — German. 

As  regards  the  combitMtion-fnseH^  no  one  of  them  may  be  said  to  have 
worked  well ;  the  Womlbridge  and  CJill  No.  2,  however,  did  considerably 
better  than  the  others,  and  the  board  recommends  that  25  more  of  each  of 
these  be  made,  Anth  such  im]>rovements  as  Dr.  Woodbridge  and  Mr. 
Gill  may  suggest,  at  Frankford  arsenal,  for  further  tests. 

As  to  the  other  fiises  of  this  character,  they  are  generally  complicated 
ftud  expensive,  so  that  the  boaixl  only  recommends  their  further  trials 
proAided  they  are  furnished  without  cost  to  the  United  States. 
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APPENDIX  S  3. 

TRIAX.  OF  8-INCH  RIFLE— BREECH  INSERTION  OF  TUBE  No.  1,  MAY  21  TO 

AUGUST  22,  1878. 

DESCRIPTION  OF  GUN. 

A  full  description  and  details  of  constraction  are  given  in  the  report 
of  the  constnictor  of  ordnance  on  this  gun.    (See  page  351.) 

CARRIAGE. 

The  carriage  used  in  the  tests  so  far  made  was  the  one  known  as 
Altered  Carriage  No.  3,  for  full  description  of  which  see  Eeport  of  the 
Chief  of  Ordnance  for  1877,  page  629. 

POWDERS. 

The  powders  used  were  two  varieties  of  the  Du  Pont's  hexagonal,  com- 
mencing with  the  (F.  U.)  E.  V.,  density  1.750,  granulation  72 — ^the  same 
that  wafi  used  in  testing  the  8"  rifle  Xo.  o^ — and  finishing  with  F.  P.  (B.), 
densitv  1.785,  granulation  67.  This  latter  powder  was  originally  intended 
for  the  12".25  rifle,  but  the  (F.  U.)  E.  V.  not  being  on  hand  the  F.  P. 
(B)  was  used,  as  it  was  ascertained  by  a  few  rounds  that  it  gave  about 
the  same  pressures  and  velocities  as  were  obtained  in  the  firings  with  the 
8''  rifle  No.  5,  with  which  this  rifle  was  to  be  compared. 

PROJECTILES. 

The  projectiles  were  all  elongated  cast-iron  cored  shot,  with  soft  metal 
bases  or  sabots  of  the  Butler  pattern.  The  shape  and  general  charac- 
teristics are  the  same  as  the  one  shown  in  Plate  III,  report  of  the  Board 
on  the  8"  rifle  No.  1  (Report  of  the  Chief  of  Ordnance  for  1875).  The 
weights  used  will  be  round  in  Tables  Nos.  1  and  2. 

EXPERIMENTS  AND  TESTS. 

Preliminary  to  the  regular  test  of  this  rifle,  for  endurance,  nine  rounds 
were  fired  with  i)rojeetile8  weighing  181  pounds,  and  charges  of  powder 
varying  from  20  to  30  jwunds,  to  note  the  resulting  pressures  and  ve- 
locities and  elfects  on  the  gun.  For  record  of  these  firings  see  Table  No. 
1.  The  results  so  fiir  ha^'ing  proved  satisfactory,  experiments  were  com- 
menced for  testing  the  endurance  of  the  gun,  using  battering  charges  of 
3o  pounds. 

Five  himdred  rounds,  using  35  pounds  of  powder,  having  been  fired,  a 
pi-eliminary  report  of  results  was  made  to  the  Chief  of  Ordnance,  who 
directed  the  experiments  to  continue  luitil  700  rounds  in  all,  with  bat- 
tering charges,  had  been  fired.  This  progi^amme  was  completed  August 
22, 1878.  Of  the  7(M)  rounds  fired,  402  were  with  (F.  U.)  E.  V.  powder, 
and  298  with  the  F.  P.  (B.).     (See  Table  No.  2.) 

With  the  ^F.  U.)  E.  V.  powder  and  i)rojectiles  averaging  in  weight 
181.21  pounds,  an  average  velocity  (at  110  ieet  from  muzzle  of  gun)  of 
1,236  feet  was  obtained  with  a  corresponding  pressure  of  26,369  pounds 
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per  square  inch,  whUe  the  F.  P.  (B.)  powder,  projectiles  averaging  1S2.28 
pounds,  gave  an  average  velocity  of  1,324  feet  at  same  distance,  the  cor- 
resiK)n(ling  pressure  being  26,987  pounds. 

The  mean  of  all,  with  both  i>owders,  was,  for  projectiles  averagiiijr 
181.81  pounds,  obser\'ed  velocitj'  at  110  feet  fix)m  muzzle  of  gun  1,272 
feet,  and  a  pressure  of  26,462  i>ouuds  i)er  sqimre  inch.  This  gim  has 
been  fired  more  rapidly  than  any  gun  heretofore  tested  by  the-Boaixl,  as 
many  as  102  rounds  having  been  fired  in  a  da^'  of  7  J  hours ;  l^esides  the 
firings,  the  gun  was  frequently  washed  out,  star-gauged,  and  impres- 
sions of  bore  taken.  Twenty  rounds  were  easily  fired  in  an  hour,  and 
on  one  occasion  10  rounds  were  fired  in  the  space  of  a  little  over  11  min- 
utes. The  Bouleng^  instrument  was  usetl  in  taking  the  velocities,  and 
the  Rodman  internal  plug  for  pressures.  The  average  muzzle  energy, 
with  all  powders  and  weights  of  projectiles,  using  35-iK)und  charges,  was 
2,039  foot-tons. 

With  the  8"  No.  5,  using  same  charges  of  i)owder  and  projectiles  aver- 
a^ng  175.74  pounds,  a  mean  energy  at  muzzle  of  2,173  foot-tons  was 
attained,  the  velocity  being  1,340  feet,  with  a  i)res8ure  per  square  inch 
of  27,019  pounds. 

EFFECTS  ON  TBffi  GUN. 

The  gun  remains  in  a  sound  and  serviceable  condition,  with  but  slight 
evidences  at  the  bore  of  erosions  or  enlargements,  the  latter  being  less 
than  in  either  guns  No.  1  or  5.  A  reference  to  the  tables  of  enlargements 
of  these  guns  previously  published,  and  Table  No.  3  accompanying,  shows 
as  follows : 

For  the  8"  No.  1,  after  776  rounds,  an  enlargement  of  0".048. 

For  the  8''  No.  5,  after  590  rounds,  an  enlargement  of  0^^.054. 

For  the  8"  B.  I.,  after  709  rounds,  an  enlargement  of  O^'.OSe. 

The  coiled-weld  developments  were  slight,  and  showed  no  sensible  in- 
crease after  they  had  been  first  obsen^ed.  This  affords  evidence  that 
the  shoulder  on  the  tube  prevented  any  forward  movement,  and  thus, 
the  opening  of  the  welds,  after  the  original  set  had  been  established. 

The  record,  it  will  be  seen,  shows  that  the  mean  velocity  was,  using 
battering  charges  and  all  powders,  with  projectiles  of  182  pounds,  1,272 
feet,  and  that  the  mean  maximum  pressure  was  26,462  ]>ounds.  These 
results  show  some  deterioration  in  the  powder,  as  the  mean  with  gnn 
No.  6  was,  velocity  1,291  feet,  pressiu^  27,189  pounds. 

The  mean  maximum  pressures  to  which  this  gun  and  gun  No.  5  were 
subjected  to  in  their  tests,  it  will  be  seen,  were  al>out  the  same.  The 
gun  under  consideration,  however,  has  been  fired  about  100  more  rounds 
than  the  No.  5. 

EFFECTS  ON  CARRIAGE. 

The  carriage,  which,  previous  to  its  alteration  to  its  present  form,  had 
been  frequently  employed  experimentally  and  at  high  angles  of  elevation, 
has  in  its  present  shape  been  used  for  about  800  rounds  with  battering 
charges  and  full  weights  of  i)rojectiles.  During  the  course  of  all  the 
trials  only  small  repairs,  such  as  replacements  of  bolts  &c.,  had  to  l>e 
made.  No  injuries  requiring  extensive  overhauling  occiured,  and  the 
carriage  is  now  in  a  good  serviceable  condition.  All  the  parts  liinctioned 
well,  but  particularly  noticeable  was  the  ease  with  which  the  carriage 
was  released,  the  sinoothness  with  which  it  ran  into  battery,  and  the 
jierfect  uniformity  and  certaintj'  in  the  action  of  the  lever-catches. 
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CONCLUSIONS. 


The  Board  finds  that  tlie  f^iiii,  atlterbein^  fired  TOO  rounds  with  batter- 
ing* charp:es,  remains  in  a  sound  and  ser^iceable  condition,  the  erosions 
aiiil  development  of  coil-weUls  being  normal,  and  the  enlargements  less 
than  in  guns  Nos.  1  and  5. 

From  a  consideration  of  the  above  facts,  the  Board  feels  i)erfectly  satis- 
fiecl  with  the  endurance  of  the  gun,  and  believes  that  the  special  phn  of 
l>reech  Insertion  employed  in  its  construction  is  superior  in  strength  to 
the  i)resent  plan  of  muzzle  insertion.  Also  that  the  facilities  it  intro- 
<liice8  for  the  employment  of  shoulders  to  i^revent  any  accidental  blow- 
ing- out  of  the  tube  likelj'  to  arise  from  the  common  defect  of  imperfect 
Av<?ldiiig,  gives  it  an  important  advantage  over  the  present  plan  of  con- 
version (muzzle  insertion). 

The  cost  of  this  plan  of  construction  will  satisfactorily  compare  with 
the  plan  now  used. 

From  these  views  and  facts,  the  Board  feels  justified  in  recommending, 
in  future  converaions  of  our  smooth-bore  guns,  that  the  breech-insertion 
plan  be  employed; 

Table  No.  1. — Record  of  firings  with  the  8-inch  experimental  rifie^  B,  L  No,  1,  at  Sandy 

Hooky  May  21,  1878. 


Deacription  of  ^nn. 


Date. 


Oun  No.  1,  B.  I. 

A  rifle  converted  ftx>m  a  10"  Rodman 
cAHt'iron  8inooth-b«re  by  lining 
with  a  Jacketed  wroucht-iron 
coiled  tube  inserted  from  the  rear 
or  breech.  Caliber,  8  inches.  To- 
tal length  of  gun,  146A  inches. 
Length  of  bore,  117.25  inches. 
Length  of  rifling,  107.25  inches.  Di- 
ameter of  bore,  Including  grooves, 
8.15  inches.  Number  of  grooves 
and  lands,  15.  Twist  uniform, 
one  turn  in  40  feet  Weight  of 
gun,  16,020  pounds. 


^  May  21, 1878  < 


0 


s 

c 


Charge. 


2 
3 
4 
5 
6 
7 
8 
9 


". . 


Cartridge. 

■a 

■a 

i 
1 

Diameter. 

Du  'Pont'«  hexa- 
gonal F.  U.E.V. 
Gran.,  72;    den- 
sitv,  1.750. 

.  .  .  .  QO 

20 

20 
25 
25 
25 
80 
80 
80 
80 

In. 
12.6 

12.6 
15.6 
15.6 
15.6 
19.7 
19.7 
19.7 
19.7 

In. 
7.15 

7.15 

...do 

7.16 

....do  ............ 

7.15 

...do 

7.15 

. .  ..do 

7.13 

. ..  .do 

7.15 

. ..  .do 

7.15 

. . .  .do 

7.15 

Description  of  gun . 


Projectile. 


'a 
a 

•■V4 


Gun  iVo.  1,  B.  I. 


Butler 


. . . do  . 
...do  . 
...do  .. 
. . -do  . 
. .  .do  . 
. . .  do  . . 
...do  . , 
.  ..do  . . 


•a 


181 


181 
181 
181 
181 
181 
181 
181 
181 


Tn. 
20 


20 
20 
20 
20 
20 
20 
20 
20 


In. 
7.95 


7. 95 
7.95 
7.95 
7.95 
7.95 
7.95 
7.95 
7.95 


S 


9/ 


Feet. 
1,021 


1,020 
1,084 
1, 102 
1,076 
1,179 
1,176 
1,192 
1,208 


^  c  & 
S  '^  V 
C  «  J 


Remarks. 


Lb». 
1L500 


12,500 
1.5,000 
17,500 
13,000 
21,500 
23,500 
22,000 
25.  000 


Distance  ftom  muzzle  of  gun  to 
first  wire  target,  60  feet;  dis- 
tance between  wire  targets,  100 
feet;  distance  fh)m  muzzle  of 

Sn  to  butt,  about  220  feet. 
1  these  shots  wei'e  fli'ed  into 
the  butt,  and  were  preliminary 
to  the  700  rounds  fired  after- 
ward to  test  the  endurance  of 
the  gun. 


The  Onlnance  Board  convened  under  orders  of  the  War  Department,  Special  Orders  No.  129,  of 
.Tune  27, 1876. 
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APPENDIX  8  4. 
TRIAL  OF  12.25-INCH  RIFLE,  FEBRUARY  AND  MARCH,  1878. 

(One  plate.) 

THE  aUN. 

Tliis  rifle  consists  of  a  cast-iron  casing,  lined  with  an  English  wrought- 
pon,  coiled- welded  tube,  inserted  from  the  muzzle.  A  full  description 
if  the  gun,  with  details  of  constr'  ^tion,  will  be  found  in  the  report  of  the 
onstructor  of  ordnance. 

CARRIAGE  A.       PLATFORM, 

With  the  exception  of  a  few  modifications,  the  carriage  and  platfonir 
are  the  same  as  those  recommendexl  and  descrilied  by  the  c>on8tnictor 
[)f  oi-dnance  in  his  report  of  August  7,  1877,  to  the  Chief  of  Ordnance. 
(See  Appendix  T,  page  657,  Report  of  the  (^hief  of  Onlnance  for  1877.) 

The  few  firings  ma<le  with  the  12''' .25  rifle  demonstrated  the  necessity 
of  giving  more  power  to  the  apparatus  for  throwing  the  rear  eccentrics,  on 
top  carriage,  "in  gear'';  nnd  also  to  the  windlass  for  drawing  the  gun 
"  from  battery."  The  first  wa«  accompHshed  by  increa^sing  the  hand  wheel 
working-wonn  in  size,  from  12"  to  18";  the  geared  wheel  on  eccentric 
axle  from  9J"  to  14^" ;  and  diminishing  the  diameter  of  womi  working 
in  geared  wheel  from  l^^^^'  to  3",  and  the  pitch  of  thread  from  1"  to  J  of 
an  inch.  These  changes  peiinit  two  men,  one  at  each  wheel,  to  throw 
rollers  ''  in  gear."  Increased  power  was  given  to  the  windhijss  by  increas- 
ing the  large  geared  wheels  on  the  outside  and  inside  of  chassis  rails 
from  17J"  to  25J".  The  diameter*  of  the  dnnu,  aronnd  which  the  rope 
coils,  was  diminished  somewhat  in  diameter.  A  new  piston  head  in  cyl- 
inder, having  three  J"  holes,  was  substituted  for  the  old  one,  which  had 
foiu*  J"  holes.  The  front  transom  was  increased  in  size  from  1"  to  1^1" 
and  the  nibber  buft'ers  from  6"x  G"  to  7"  x  7". 

POWDER. 

The  powder  used  was  Du  Pout's  hexagonal  F.  P.,  density  1.785.  granu- 
lation 07 ;  similar  in  shape  but  slightly  larger  in  size  than  the  F.  IT.  E.  V. 
powder  used  in  trials  of  the  8"  ritle  Xo.  1,  and  described  in  Report  of 
the  Chief  of  Onbmnce  for  1875,  pages  100  and  101. 

PROJECTILES. 

Tlie  pi^qjeotiles  were  elongated  cast-iron  cored  shot,  with  soft  metal 
sabots  of  the  Butler  pattern.    These  sabots  are  double-lipped  rings  of 
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brass,  made  of  copper  and  zinc,  in  the  proportion  of  75  and  25,  and  wen 
attached  to  the  bases  of  projectiles  by  a  screw-thread.  For  general  tea 
tores  and  dimensions  see  Plate  1. 


EXPERIMENTS  AND  TESTS. 

The  gun  aiiived  at  Sandy  Hook  January  17,  1878,  and  was,  Febnian 
7,  1878,  ready  for  firing,  on  which  date  two  roiuids  were  fired  usin^  -'^ 
pounds  of  powder  and  projectiles  of  581  and  579  i>ounds  Treight,  com]>l} 
ing  with  programme  adoj)ted  by  the  Board  December  12,  1877,  and  ai 
proved  by  the  Chief  of  Ordnance  December  18,  1877.  On  the  8th,  IHl 
14th,  15th,  and  16th  days  of  Februarv'  the  gun  was  fired,  in  all,  12  rouDtU 
with  charges  of  powder  increasing  fi*om  60  to  100  pounds,  and  with  pn*^ 
jectiles,  all  save  one  of  C32  i)oiuids,  of  600  jiounds'  weight. 

On  the  25th  of  Febniary  the  following  pi'ogramme  wa^  adoj^ted  ^; 
the  Board : 

The  Boanl  coiwidered  a  programme  for  further  trial  of  the  1*2"  rifl«»,  aiul  it  va.«i 
solved,  That  the  12"  should  lie  fired  2  roundM  with  650  pound  shot  »iici  100  pouwlv 
powder;  2  rounds  with  700  pound  shot  and  100  ]>ound8  of  powder;  2  nnimlfl  witht*» 
ponnd  shot  and  110  pounds  of  powder;  2  rounds  with  650  pound  shot  and  110  pouni> 
of  powder;  2  rounds  with  700  jwund  shot  and  110  jKUinds  of  powdt^r;  2nmndHvi:i 
600  pound  shot  and  120  potiuds  of  powder ;  2  rounds  with  650  pound  shot  and  li 
pounds  of  powder ;  and  2  rounds  witn  700  pound  shot  and  120  {louuds  of  pow^der:  t^ 
gun  to  be  washed  out,  star  gauginl,  carefully  cxaniincHl,  and  gutta-percha  iniprwi*)'* 
of  bore  taken  after  each  round,  the  rarryingout  of  the  progranuae  dejM'ndiiig  ui»on  tk 
resnltfl  of  these  examinations. 

For  the  firnt  ten  roiuidn  following  the  fourteen  above  referred  to  thr 
l)rogramme  was  carried  out,  but  on  the  25th  and  26th  rounds  it  va> 
deemed  best  to  trj'  2  rounds  with  115  pounds  of  i>owder  and  |>roj<x*^^^^ 
of  700  pounds'  weight  before  commencing  with  the  higher  ehai'ge  of  l-**' 
pounds.  The  gini  ha«  l>een  firt»d  in  all  20  times,  for  record  of  which  sti- 
Table  1. 

KFHiCTS  ON   THE   GUN. 

An  examination  of  the  attached  table  of  enlargement*?  (Table  >'t>. -' 
shows  a  maximum  enlargement,  after  26  i^ounds,  of  0".048,  of  whielj 
0".009  is  due  to  the  original  i)lay  betwei»n  tube  and  casing.  No  markeil 
erosions  or  other  imi>eifections  have  lHH»n  developed,  save  a  tew  cirtl 
weld  marks. 

EFFECTS  ON   CARRIAGE. 

During  the  course  of  the  firing  the  carriage  worked  very  satisfactorilj- 
But  very  few  alterations,  which  have  been  alrea<ly  referred  to,  werv 
found  necessary. 

VELOCITIES  AND  PRESSURES. 

An  examination  of  Table  No.  1  will  show  that  with  110  \yomd»  of 
iwwder  and  a  projectile  of  700  pounds'  weight  an  average  velocity  a>  | 
muzzle  of  1,403  feet  wa«  obtained,  with  a  con-esponding  mean  maximiin' 
pressure  of  31,750  pounds ;  \nih  115  jwunds  of  powder  and  same  vei?i»  j 
of  shot  the  velocity  wa^s  1,485  fcH?t  and  pressure  33,500  pounds.  i 
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These  results  are  very  satisfactory^,  and  compare  favorably  with  those 
btaiiied  abroad  with  guns  of  similar  caliber. 

REMARKS. 

The  Board,  in  subniitting  the  above  report  of  progress,  would  call 
itteiition  to  the  following  extract  fi'om  a  communication  sent  to  the 
3bief  of  Ordnance,  dated  March  5, 1878,  since  which  time  only  2  rounds 
lave  been  fired,  and  with  highly  satisfactory  results : 

•  «««•«• 

By  diroctioii  of  the  Ordiiauce  Board,  I  hav4»  the  honor  to  inclofle  herewith  the  records 
>f  iiriiigH  up  to  date  with  the  exjwrimeiital  12" .25  rifle,  with  the  foUowing  remarkn 
>n  the  Hnme: 

ThiH  I'econl  is  accompanied  hy  carefully  calculated  tables  (prepare<l  by  C*apt<aiu 
Phipi>H)  of  the  i-esults  of  firings  made  in  foreign  countries  with  guns  of  the  same  or 
approximate  calibers  in  their  most  recrent  trials.  A  pn'«liminar\'  comparison  between 
the  reHi»ective  systems  of  guns,  projectilcM,  and  the  qualities  ot  i>owtlers  used,  is  thus 
iiftorded,  aiul  the  comparative  excelhnicies  of  our  projwsed  heavy  ordnance  and  the 
i>rdnance  abroad,  in  a  ballistic  point  of  view,  can  be  discussed  from  the  data  thus  col- 
lected and  laid  liefon*  us. 

The  Htrength  and  endurance  of  the  system  of  coiled- welded  lining  tulK»8,  with  cast 
iron  for  the  exterior  of  the  guns,  has  so  far  cmly  been  thoroughly  tested  with  a  caliber 
of  8  inches,  and  only  with  a  svstem  involving  muzzle  insertion. 

The  system  of  application  \>y  muzzle  insertion  of  the  tube  is  the  same  in  this  case ; 
but  the*  results  so  far  with  this  higher  calil)er  (of  12",25)  are  too  meager  to  warrant  a 
discussion  as  to  strength  and  endurance.  It  may,  however,  be  stated  from  the  results 
so  far  attained,  using  as  we  have  charges  as  high  as  110  ixiunds  of  powder  and  700- 
\H>und  i^rojectiles,  that  we  have  a  fair  promise  of  success ;  the  tnlie  showing  no  ma- 
t-i'rial  4»vicience  of  any  sericms  imjierfections — the  system  being  regarded  tangentially 
of  sufficient  strength — and  the  pressures  attained,  and  the  geuerallj'  favorable  results, 
both  with  projectiles  and  powders,  removing  so  far  any  special  ai>prehonsion  as  to 
the  KatiHfactor>-  prosecution  of  our  contemplated  experiment-H. 

Any  discussion,  however,  as  to  this  point  would,  at  present,  be  premature.  The  ob- 
ject tif  this  comnuniication  is,  mon»  j»articularly,  t«  call  the  att-ention  of  the  depart- 
ment to  the  ImlliHtic  pn)i>erties  of  tht»  gun  as  developed  by  these  experiments. 

The  east»ntial  features  which  contribute  to  any  sujieriority  over  others  in  this  respect 
are  length  of  bore,  character  of  pnijectile,  and  jHJwder. 
The  indoHcd  table  kIiows  as  follows  reganling  the  lengths  of  bores,  to  wit : 

lucheft. 

American  (12''.2r>) 227 

Kn^lish  (12")  25  tons 145 

Krnpp  (12".0(M) 222.5 

Intlisin  (12".6) 252 

Till'  length  a<lopted  by  uh,  it  is  believed,  will  give  us  all  the  useful  efte^ts  which  can 
b('  attained  from  tluH  source,  and  by  securing  a  thonuigh  couHumption  of  iiuiximum 
oliavges.  Thin  has  been  practically  i)n)ved  by  our  nresiMit  experiments,  as  the  absence 
of  nucouHumed  grains  ol  powder  has  l>een  especially  marked. 

Our  iH)wders,  it  will  1k»  seen,  also  have  given  marked  su|>eriority  in  velocitiw  and 
preHsni-es  attaiutnl,  the  former  rising  over  those  given  by  corresiM>nding  charges  in 
foreign  wrvices,  and  the  latt4»r  being  considerably  lower  in  the  majority  of  cases  in 
which  coniparisrms  have  been  instituted.  *  *  The  energies  attained,  or  rather  the 
('a])]icities  for  work  (the  gist  of  the  whole  subject),  are  given  for  ditterent  charges  and 
weights  of  projectiles  in  the  inclosed  Table  No.  3. 

Tlie  differences  in  charges  and  weights  of  projectiles  in  our  tests  and  in  those  of  the 
Kuro|)eau  powers  do  not  permit  a  complet*^  comparison ;  but  sufficient  can  be  seen  to 
show  an  equal  if  not  a  decidedly  su)ienor  capacity  for  work  in  the  case  of  the  Ameri- 
can experimental  rifle.  For  instance,  the  English  25-ton  gun  has  given  less  energy  by 
say  450  foot-tons  with  85  pounds  of  powder  and  a  600-ponnd  projectile  than'  the 
American  rifle.  Kmpp,  with  88  ])ounas  and  664-ponnd  projectile,  has  ffiveu  1,254 
foot-touH  less ;  and  tne  Italian  with  110  pounds  and  770^i>onnd  projectile,  has  only 
yielded  a  little  over  400  foot-tons  more ;  our  gnn  uMng  only  8u  iwuHdM  of  powder  and  600- 
pound  weight  of  shot  With  110  ]M)un(ls  of  powder  and  a  700-ponnd  projectile,  the 
American  rifle  yields  9,551  foot-tons,  an  energy  about  as  great  as  anj'  gun  now  known 
for  this  charge,  and  decidedly  sui>orior  to  Krupp's  and  the  Italian  (see  table)  using 
heavier  charges. 
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Witli  these  encouraging  results,  wo  have  only  now  to  develop  a  strong  and  dunbU 
system  of  gun  construction,  having  in  our  powders  and  projectiles  and  our  rifli&g  a:.' 
length  of  bore,  elements  which,  when  combined  in  a  rifle,  -will  enable  us  to  cope,  «^' 
believe,  successfully  with  the  most  powerful  12''  guns  of  the  world. 

In  conclusion,  it  may  be  stated,  the  carriage  gives  every  promise  of  snccess  in  evi-T^ 
direction.  It  has  sufficient  stren^h  in  all  its  parts  and  generally  functionM  sarti>f:x 
torily,  in  its  stabilitv  on  its  platform,  its  means  of  checking  recoil,  for  elevating  aL 
depressing,  &c.,  and  more  especially  in  its  important  feature  of  the  npiier  cairiai- 
being  held  in  ix)sition  for  loading  by  its  clutches,  which  latter,  in  conjunction  v  it' 
the  inclined  planes  and  carriage-rollers,  renders  the  operation  of  sorely  and  prompt  ■ 
running  into  battery  a  complete  success. 
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APPENDIX  S  5. 
TRIAL  OF  10-INCH  RIFLE  No.  1,  MADE  APRIL,  1878. 

(One  plate.) 

This  gun  was  converted  by  boring  up  a  smooth-bore  13-incli  Roduiau 
and  inserting,  from  the  muzzle,  a  coiled  wrought-irou  lining-tube,  on  the 
plan  known  as  system  No.  2.  For  full  description  of  gun  and  details 
of  construction  see  report  of  the  Constructor  of  Ordnance.    (See  page   .) 

CARRIAGE. 

The  carriage  used  was  one  a<lapted  t4>  the  lo-inch  Rodman  giui,  hav- 
ing two  pneumatic  buffers.  The  only  alterations  were  the  enlargement  of 
the  trunnion-beds,  necessitated  by  tlie  us(»  of  e<'centric  trunnion-rings  on 
gun  for  cori'ecting  muzzle  preponderance,  and  in  making  the  trunnion  bed- 
plates 1 J  inches  wider  on  each  side  to  allow  for  the  difference  of  size  of 
guns  between  rind)ases. 

POWDER. 

The  powder  emph)yed  wa^s.  Du  Pout's  hexagonal  F  P  (B),  having  a 
density  of  1.785  and  granulation  of  (J7.  For  the  average  velocities  and 
pressures  with  the  varying  charges  of  from  40  to  80  pounds  of  powder^ 
see  table  No.  1  appended. 

PROJECTILES. 

The  projectiles  were  all  of  the  Butler  iiattern,  and,  with  the  exception 
of  one  weighing  .Um  pounds,  of  400  pounds  weight.  For  shape  and 
general  dimensions  see  Plate  L 

EXPERIMENTS  AND   TESTS. 

(Table  No.  1.) 

For  the  first  ten  rounds  the  gun  was  fired  ^\ith  charges  of  powder 
increasing  from  40  to  80  pounds  (two  rounds  each  of  40,  50,  (JO,  70  and 
80  pounds)  to  note  resulting  velociti(*s  and  pressures,  and  the  effects  on 
the  gun.  Ten  rounds  weit^  next  fired  \vith  70  pounds  of  powder, 
after  which  8  rounds  with  80  x)ounds  of  powder  w(»re  fired,  return- 
ing to  70  pounds  of  powder  for  the  following  5  rounds,  making  in  all  33 
rounds  fired.  The  gun  was  from  time  to  time  star-gauged,  examined, 
and  impressions  of  bor(»  taken. 

EFFECTS  ON  THE  GUN. 

An  examination  of  table  Xo.  2,  a<'companving,  shows  a  maximum  en 
largement  after  32  rounds  of  0".113,  0".oi3  of  which  is  due  to  the 
original  x>lay  in  the  construction  between  the  tube  and  casing.  The 
impressions  of  the  bore,  whi(^h  were  fmjuently  taken  during  the  filings, 
show  neither  sensible  erosions  nor  sijecial  or  unusual  developments  of 
coil-weld  marks. 

EFFECTS  ON  CARRIAGE. 

The  carriage  worked  satisfa<?torily  throughout,  no  special  develop- 
ments worthy  of  note  occurring. 

R^SXrM^  OF  RESULTS. 

The  results  of  the  firings  so  far  nmde  are  highly  satisfactory  and 
promise  well  for  the  special  system  of  construction  of  the  tube.  In  a 
ballistic  point  of  view,  the  power  of  the  gun  compares  favorably  with 
that  attiiuied  by  guns  of  same  caliber  in  foreign  services.  Further  tests 
contemxUated  to  be  nmde  avIU  settle  the  question  of  its  endurance. 
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APPENDIX  S6. 

TRIAL  OF  8-lNCH  BREECH-LOADING  RIFLE,  MADE  AUGUST,  1878. 

(One  plate.) 

GUN  AND  CARRIAGE.- 

The  giin  and  carriaf^e  have  been  fully  described  by  the  Constructor  of 
Ordnance  (pages  359  and  365). 

POWDER  AND  PROJECTILES. 

The  i)owder  so  far  used  has  been  Du  Pont's  hexagonal  F.  P.  (B.);  den- 
sity, 1.785 ;  granulation,  67.  The  projectiles  were  of  the  Butler  pattern, 
avei-aging  in  weight  about  185  pounds.  They  differ  from  those  used  in 
the  8"  muzzle-loading  rifle  only  in  the  shape  of  the  sabots,  the  lip  of 
which  has  a  slight  flare,  to  prevent  the  projectile  in  loading  being  pushed 
beyond  its  proper  seat.    For  general  features  and  dimensions  see  plate. 

EXPERIMENTS  AND  TESTS. 

The  lifle  was  I'eceived  at  Sandy  Hook  July  8,  and  was  i*eady  for  firing 
August  1.  It  has  been  fired  up  to  date  in  all  34  rounds,  with  charges  of 
powder  as  follows :  One  with  16  pounds,  2  with  20  i)Ounds,  3  with  25 
I>ound8,  3  with  30  ])ounds,  and  25  >vith  battering-charges  of  35  pounds, 
using  in  all  cases  projectiles  of  about  185  i>onnds  in  weight. 

The  results  ai-e  nonnal  as  to  energies  and  pressures,  and  the  gun  re- 
mains in  a  sound  and  «er\iceable  condition  and  now  awaits  the  fiulher 
proof  contemplated  by  the  department. 


BEPORT   OF   THE    CHIEF   OF   ORDNANCE.  449 


APPENDIX  T. 

REPORT  OF  THE  BOARD  OF  OFFICERS  CONVENED  IN  CONFORMITY  WITH 
THE  ACT  OF  NOVEMBER  21,  1877,  TO  SELECT  A  MAGAZINE  GL'N  FOR  THE 
MILITARY  SERVICE. 

(Twenty-one  plates.) 

National  Armory, 
Springfield^  Mas8.^  September  28, 1878. 

Sir  :  I  have  the  honor  to  forward  t<)  your  address,  by  to-day's  express 
the  report  of  the  Board  on  Magazine  Guns,  convened  at  National  Armory 
by  Airtue  of  General  Orders  No.  115,  Headquarters  of  the  Army,  Adju- 
tant-GeneraPs  Office,  Washington,  December  18,  1877. 

Very  respectfully,  your  obedient  servant, 

J.  G.  BENTON, 
Lieutenant- Colonel  of  Ordnance^ 

Present  of  Board, 
To  the  Adjutant-General,  U.  S.  A., 

Washington,  J),  C, 

[First  indorsement.] 

Adjutant-General's  Opfiob, 

Washington,  September  30, 1878. 

Respectfully  referred  to  the  Chief  of  Ordnance. 

B.  D.  TOWNSEND, 

Adjutant-  General. 

[Second  indorsement.] 

Ordnance  Office,  War  Department, 

Washington,  October  1, 1878. 

Respectfully  submitted  to  the  Secretary  of  War,  with  the  recommenda- 
tion that  the  report  and  recommendation  of  the  Board  on  Magazine  Guns 
be  approved,  and  that  this  department  carry  out  the  provision  of  law  by 
expending  at  the  National  Armorj'  $20,000  in  the  manufacture  of  the 
Hotchkiss  magazine-gun.  No.  19. 

S.  V.  BENfiT, 
Brigadier-Oeneralj  Chief  of  Ordnance. 

Approved. 

GEO.  W.  McCRARY, 

Secretary  of  War. 
October  1, 1878. 
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EEPORT. 

Kational.  Armoby, 
Springfieldj  Mclss.j  Septeinber  23,  1878. 

In  pursuance  of  General  Orders  No.  115,  from  the  headquarters  of  the 
Army,  dated  December  18,  1877,  the  Board  met  on  the  3d  of  April, 
1878,  and  has  continued  in  session — with  the  exception  of  such  adjourn- 
ments as  were  authorized  by  the  Secretary  of  War  and  necessitated  by 
the  delay  of  inventors — ^up  to  the  present  time,  when  a  compliance  with 
instructions  from  the  Secretary  of  War,  limiting  the  time  for  ree-eption 
of  arms,  has  terminated  its  duties. 

The  Board,  in  the  discharge  of  these  duties,  has  tested  all  the  guns  pre- 
sented unifbnnly  and  in  the  manner  that  seemed  to  it  best  adapte<i  to 
determine  the  question  of  their  suitability  for  the  military  service,  as 
well  as  to  determine  their  comparative  merits  in  that  respect. 

The  regulations  for  the  trials  adopted  by  the  Board  ai-e  given  in  the 
appendix. 

Its  experiments  to  test  the  liability  of  accidental  explosion  of  cartridges 
in  the  magazine  seem  to  show  that  there  is  little  probability  of  such 
explosion  when  using  the  inside-primed  service-cartridges,  or  even  with 
the  exterior-primed  cartridges  du-ect  from  the  factory,  when  fabricated 
and  inspected  with  the  care  and  attention  usually  given  them.  With 
cartridges  reprimed  in  the  field  or  garrison,  risks  may  be  introduced 
which  have  not  come  within  the  scope  of  the  investigations  of  the  board. 

From  the  satisfactory  manner  in  which  the  Hotchkiss  gun,  No.  19,  has 
passed  these  tests,  and  from  its  combination  of  strength,  simplicity, 
and  great  eftectiveness  as  a  single  loader,  the  Board  is  of  the  opinion 
that  the  Hotchkiss  gun,  No.  19,  is  suitable  for  the  military  service,  and 
it  does,  therefore,  recommend  it  as  such. 

J.  G.  BENTON, 
Lieutenant-Colonel  of  Ordnance.  President  of  Board. 

F.  H.  PARKER, 

Major  of  Ordnance* 
J.  P.  FARLEY, 
Major  of  Ordnance. 

There  being  no  further  business  before  it,  the  Board  adjourned  sine 
die. 

J.  G.  BENTON, 
Lieutenant-Colonel  of  Ordnance^  President  of  Boards 
John  E.  Gbeeb, 

Captain  of  Ordnance^  Recorder  of  Board. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


451 


DOCKET. 
The  following  magazine-guns  were  received  and  eutertid  on  the  docket: 


Number  of  gun. 


No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


1.. 

2.. 

3.. 

4.. 

5-. 

6.. 

7-. 

8.. 

0.. 

10. 

11. 

12 

13. 

14. 

15. 

16. 

17. 

18. 

10. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 


By  whom  submitt^. 


FrankUn. 

Ward-Burton 

Sharps 

Hunt 

Sharps 

Lewis-Rioe 

Buflingtou 

Sharps 

Hotcnkias 

BuifiDgton 

Burton 

Hotchkiss 

Winchester  repeater . . 

Lewis-Rice 

Springfield-Miller 

Lewis-Rice 

Remin^^u 

Uotchkiss 

Ilotchkiss 

Lewis-Rice 

Tiesing 

Burgess 

Burgess 

Springfleld-Clemmons . 

Loo 

Chaffee 

Springfield-Clemmons . 


I 


General  W.  B.  Franklin. 

Commanding  officer  National  Armory. 

Sharps  Ritle  Company. 

C.  B.  Hunt. 

Sharps  Rifle  Company. 

Lewis-Rice  &  Lewis. 

MiVi^r  Buffington,  U.  S.  A. 

Sharps  Rifle  Company. 

Winchester  Arms  Company. 

Major  Buffington,  U.  S.  A. 

B.  Burton. 

Winchester  Arms  Company. 

Winchester  Arms  Company. 

Lewis-Rice  St  Lewis. 

W.  H.  MiUer. 

I^«wis-Rice  Sc  Lewis. 

£.  ife»mington  4c.  Sons. 

Winchester  Arms  Company. 

Winchester  Arms  Company. 

I^«wis-Rice  Sc  Lewis. 

Whitney  Arms  Company. 

Whitney  Arms  ('ompany. 

Whitney  Arms  Company. 

6.  Y.  Cfemmons. 

James  Lee. 

R.  S.  Chaflee  and  J.  N.  Reece. 

6.  F.  Clemmons. 


Proceedings  of  a  Board  appointed  for  the  purpose  of  selecting  and  recom- 
mending a  magazine-gun  for  the  military  service^  should  one  he  found 
suitahUj  which  convened  at  the  National  Armory j  Massachusetts^  April^Sj 
1878,  pursxuint  to  the  following  orders : 

[General  Orders  No.  115.] 

Headquarters  of  the  Abmt^ 
Adjutant-General's  Office, 

Washington f  December  18,  1877. 

The  following  order  is  received  from  the  War  Department : 

The  act  making  appropriations  for  the  support  of  the  Army  for  the  year  ending  June 
30,  1878,  and  for  other  purposes,  approved  Novemher  21,  1877,  contains  this  provision: 

^^For  manufacture  of  arms  at  tne  National  Armory,  one  hundred  thousand  dollars; 
and  should  a  hoard  of  ordnance  officers,  appointed  hy  the  Secretary  of  War,  recom- 
mend a  magazine-gun  for  the  military  service,  the  Secretary  of  War  is  authorized  to 
expend  not  more  than  twenty  thousand  dollars  of  this  amount  in  its  manufacture." 

In  conformity  with  this  law,  a  Board  will  assemhle  at  the  National  Armory,  Spring- 
field, Mass.,  on  the  3d  day  of  April,  1878,  to  consider  and  recoounend  a  magazine-g^nn, 
should  one  be  found  suitable,  for  the  military  service. 

Detailfor  ike  hoard. — Lieut.  Col.  J.  G.  Benton,  Ordnance  Department. 

Maj.  F.  H.  Parker,  Onlnance  Department. 

Capt.  J.  H.  Rollins,  Ordnance  Department. 

First  Lieut.  J.  £.  Greer,  Ordnance  Department,  will  report  to  the  President  of  the 
Board  for  duty  as  recorder. 

All  persons  interested  in  magazine-guns  are  invited  to  snbnut  samples  and  appear 
in  peraon,  under  such  rules  as  may  be  adopted  hj  the  Board.  The  arms  submitted 
must  be  calibre  .45,  and  use  the  United  States  service  cartridge. 

Any  information  required  by  those  interested  may  be  obtained  of  Colonel  Benton, 
National  Armory,  Springfield,  Mass. 

The  Chief  of  Onlnance  will  supply  such  information  and  offer  such  facilities  to  the 
Board  as  may  be  necessary  in  the  prosecution  of  its  labors. 

By  command  of  General  Shennan. 

E.  D.  T0WN8END, 

Adjutan  t'Oeneral. 

Oflacial. 

E.  D.  TOWNSEND, 

Adjutnnt'Generah 
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[Special  Orders  No.  50.] 

Hbadquaktkrs  of  the  Army, 

A I>J  UTANT-G ENKR XL's  OfFI CE, 

Washington,  A\tarck  8,  l?*?!-. 

[Extract.] 

13.  By  direction  of  the  Hecretary  of  War,  Maj.  J.  P.  Farley,  Onliiaiicc  D<5imiiDi»»nt. 
IB  detailed  an  a  member  of  the  Board  appointed  to  a.s.m»!nble  at  the  Xatiouai  Anm»r>', 
Sprinf^field,  Mass.,  on  the  'M  day  of  April,  1S78,  by  General  Orders  No.  115,  DereiuWr 
18,  lt?r7,  from  this  office,  in  pla<?c  of  Capt.  J.  H.  Rollins,  Ordnance  Department,  licnby 
relieved. 

v.- 

By  command  of  General  Sherman. 

E.  D.  TOWNSENI), 

A  dju  ia  fit'ff  rmeraL 
Official: 

L.  H.  PELOrzE, 

Assistant  Adjutant-General. 

Office  of  the  Board  on  Magazine-Guns, 

National  Armory^  Springfield^  Mass.j  April  3,  ISTS. 

The  Board  met  pursuant  to  tlie  foregoiiifj  orders. 

Present:  All  the  members  and  the  recorder. 

The  Board,  after  discussion,  adoi)ted  tlie  following  rules  and  tests  for 
the  trial  of  all  magazine-guns  submitted  under  the  order: 

The  piece  to  be  first  fired  ten  rounds  by  the  exhibitor,  as  a  test  of 
.•safety ;  the  same  firing  to  be  also  a  test  of  rapidity  by  one  familiar  with 
the  arm.    Tlie  time  to  be  noted  in  the  record : 

The  firing  to  be  then  continued  aceonling  to  the  rules  aniiexe<l,  by  an 
^inploy^  of  the  armory,  or  soldier  detailed  by  the  War  Department. 

Tbe  senice-cartridge  to  l>e  used  in  all  castas. 

'N-o  }>er8ons  will  be  admitted  to  the  firing-ground  but  the  agents  or 
/•exhibitors  of  the  gun  immediately  under  trial,  and  such  other  iientons  as 
.may  be  sjxH'ially  invited  by  the  Boanl. 

The  handling  of  guns  by  their  representatives  at  any  time  after  the 
preliminary  test  for  safety  is  forbidden. 

Any  arm  which  has  been  submitted  to  the  Boaitl  and  entereil  iixK>n  the 
reconl,  shall  remain  in  the  hands  of  the  Board  for  such  time  as  may  l>e 
necessaiy  to  make  drawings  ex])lanatory  of  its  mechanism. 

If  a  gun  become  disablinl  or  unservicejible,  all  further  te^ts  will  l>e  dis- 
continued, and  the  ])roprietor  informed  of  the  fact.  If  the  gun  be  altere^l 
.and  resubmitted  to  the  Board,  it  will  be  treated  as  a  new  gun. 

REGULAR  TESTS. 
Safety  test :  To  he  fired  ten  rounds  by  the  exhibitor  or  with  a  lanyard. 

I.— Rapidity  with  accuracy. 

The  number  of  shots  which,  fired  in  two  minutes  from  the  gnn — both 
as  a  nuigazine-gun  and  as  a  single  shooter— strike  a  target  (>  feet  by  '2 
feet  at  a  distance  of  100  feet.  Any  cartridges  missing  fiie  in  this  or 
other  tests  to  be  tried  with  a  prick  punch,  or  opened  to  as(*ertaiu  the 
cause  of  failure.  The  test  to  be  begun  with  the  chamber  ornuigazine 
filled  •  other  cartridges  to  be  disposed  at  will  on  a  table. 

II. — ^llAPIDITY  AT  WILL. 

The  number  of  shots  which  can  l)e  fired  in  one  minute,  irresi)ective  of 
aim  under  the  same  circumstances  as  in  Test  I. 
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III. — Endurance. 

Ejvch  (nin  to  be  fired  500  continuous  rounds  without  cleaning,  using  * 
tlie  magazine.    The  state  of  the  breech  mechanism  to  l)e  examined  at 
the  end  of  every  50  roiuids. 

IV. — Defective  cartridges. 

Each  gun  to  be  fired  once  with  each  of  the  following  defective  car- 
tridges :  1.  Cross-filed  on  head  to  nearly  the  thickness  of  the  metal.  2. 
Cut  at  intervals  around  the  rim.  3.  With  a  longitudinal  cut  the  whole 
length  of  the  cartridge,  from  the  rim  up.  A  fresh  piece  of  white  paper, 
marked  with  the  number  of  the  gun,  being  laid  over  the  breech  to  observe 
the  escape  of  gas,  if  any  occiu*. 

V. — Dust. 

The  piece  to  be  exi)osed  in  the  box  prepared  for  that  purpose  to  a 
blast  of  fine  sand-dust  for  2  minutes :  to  be  removed,  fired  20  rounds^ 
replaced  for  2  minutes,  removed  and  nred  20  rounds  more. 

VL— EusT. 

The  breech  mechanism  and  receiver  to  be  cleansed  of  grease,  and  the 
chamber  of  the  barrel  greased  and  plugged,  the  butt  of  the  gun  to  be 
inserted  to  the  height  of  the  chamber  in  a  solution  of  sal-ammoniac  for 
10  minutes,  exx)osed  for  two  days  to  the  open  air  standing  in  a  rack,  and 
then  fired  20  rounds. 

VII. — ^ExCESSIVE  CHARGES. 

To  be  fired  once  with  85  grains  of  powder  and  one  ball  of  405  grains 
of  lead ;  once  with  90  gi*ains  and  one  ball,  and  once  with  90  grains  and 
two  balls.    The  piece  to  be  closely  examined  after  each  discharge. 

!  SUPPLEMENTARY  TESTS.* 

Ist.  To  be  fired  with  two  defective  cartridges,  Nos.  1  and  2,  and  then 
to  be  dusted  five  minutes,  the  mechanism  being  in  the  mouth  of  the 
blow-pipe,  and  closed,  the  hammer  being  at  half-cock;  then  to  be  fired  6 
shots,  the  last  two  defective  Nos.  1  and  2;  then  without  cleaning  to  be 
dust^  with  the  breech  open,  and  fired  4  shots.  The  piece  to  be  fi^^  from 
dust  only  by  pounding  or  wiping  with  the  bare  hand. 

2d.  To  be  rusted  for  4  days  after  immersion  as  before,  and  then  fired 
5  rounds  with  the  service  cartridge ;  then  without  cleaning  to  be  fired  5 
rounds  with  120  grains  powder  and  a  ball  weighing  1,200  grs.;  the  gun 
to  stand  twenty -four  hours  after  firing  without  cleaning,  and  ihen  to  be 
thoroughly  examined. 

3d.  Facility  of  manipulation  by  members  of  the  Board. 

4th.  Liability  to  accidental  explosions  of  cartridges  in  the  magazine. 

Additional  tests  may  be  made  by  the  Board  to  dear  up  doubts  raised 
by  previous  trials. 

Mr.  Merwin,  of  the  firm  of  Merwin,  Hulbert  &  Co.,  appeared  before 
the  Boanl  and  expressed  a  desire  to  bring  before  it  an  Evans  gun,  cah 

*  To  be  applied  only  to  such  anus  as  have  passed  through  the  rcf^ular  test  in  a  man- 
ner satisfactory  to  the  Board. 
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(K'.44,  aud  to  have  a  special  rej^ort  on  it  preceding  the  final  reiwrt  oftlie 
Board. 

Mr.  Merwin  informed  the  Board  that  he  had  made  ai)plication  to  the 
Chief  of  Ordnance,  U.  S.  A.,  to  this  ettect,  expressly  stilting  that  the  jrun 
was  cal.  0".44,  using  a  cartridge  containing  50  grains  of  powder.  He 
presented  a  letter  from  the  Chief  of  Ortlnance  which  he  statetl  was  in 
reply  to  his  own  letter,  in  which  the  Chief  suggested  that  he  bring  bi> 
gun  before  the  Board.  On  consideration  the  Board  decided  that  lUMler 
the  terms  of  the  order  constituting  it,  it  could  not  entertain  this  applii^a- 
tion  without  special  instructions  from  proper  authority. 

There  being  no  further  business  before  it,  the  Board  a(\jounied  to  nia't 
at  10  a.  m.  the  4th  instant. 


National  Armory,  Mass., 

April  4,  1878. 

The  Board  met  pursuant  to  a(\journment. 

Present :  All  the  members  and  the  recorder. 

Messrs.  Eichards  and  Whitney  presented  a  magazine-gun,  on  behalf 
of  General  W.  B.  Franklin,  which  was  examined  and  discussed  by  the 
Board.  The  Board  then  submitted  this  gun  to  the  regular  test*  with 
the  results  stated  in  the  synopsis. 

There  being  no  further  business  before  it,  the  Board  adjoiinied  to  meei 
at  10  a.  m.  the  5th  instant. 


National  Armory,  Mass., 

April  5,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

The  Board,  aft^r  discussion,  decided  that  the  Franklin  gun  was  an 
serviceable  and  that,  in  accorclance  with  the  rules  adopted,  ftirther  tests 
should  be  discontinued. 

Mr.  Merwin,  of  Merwin,  Hulbert  &  Co.,  withdrew  his  application  of 
the  3d  to  have  the  Evans  gun,  cal.  0".44,  tested  and  reported  on  pre- 
vious to  the  final  report  of  the  Board.  The  following  letter  was  received 
read,  and  directed  to  be  placed  on  the  record: 

Ordnance  Office,  War  Department, 

Washington^  Jpril  4,  137i*- 

The  President  of  the  Board  on  Magazine  Gi'ns, 

National  Armory,  Springfield^  Mass. : 

Sir:  The  Chief  of  Ordnance  having  received  the  foUowing  telegraphic  meusagc.  viz: 

^^Springfield,  Mahs.,  Jpri/3,  Ic'J'ri, 

r  "General  S.  V.  Ben^t, 

**  Chief  of  Ordnanci'j  Washington,  D,  C  : 


"We  respectfully  ask  f<»r  iin  order  of  trial  and  special  report  liy  the  Boanl  now  eoii- 
vened  at  Springfield  for  Evans  gun  referred  to  in  »inr  letter  of  March  21.  The  Board 
hesitate  about  trying  a  0".44  caliber.     Awaiting  early  n*)»Iy  by  wire. 

"Massasoit  House. 

"MERWIN,  IirLBERT  &  CO/ 

Bubniitted  it  to  the  Secretary  of  War  with  this  indorsement,  viz; 
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"Ordnance  Office,  War  Department, 

''April  4,  1878. 

**Resp<^ct fully  submitted  to  the  Secretary  of  War,  recommending  that  the  Board 
should  treat  all  guns  alike,  and  no  exceptional  and  special  trial  and  report  should  be 
permitted  with  the  Evans  or  any  other  guns,  because  the  law  contemplates  the  se- 
lection of  one  for  the  service. 

"A  gun  of  caliber  0''.44  need  not  be  thrown  ont  if  the  trial  will  prove  its  merits  when 
using  regulation  ammunition,  and  this  should  be  left  discretionary  with  the  Board.' 

Tlie  Chief  of  Ordnance  directs  me  to  inform  yon  that  the  Secretary  has  approved 
the  views  expressed  in  the  above  indorsement,  and  that  they  are  now  ^iven  you  for 
your  guidance  in  this  and  any  future  cases  of  like  character  that  may  anse. 
Respectfully,  your  obedient  servant, 

S.  C.  LYFORD, 
Major  of  Ordnance. 

There  being  no  further  business  before  it,  the  Board  adjourned  to 
meet  at  10  a.  m.,  the  6th. 


National  Armory,  Mass., 

April  6, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

Letter  was  received  from  Mr.  Josiah  Dupau,  asking  information  as  to 
tune  of  meeting  of  Board  and  when  it  could  consider  his  invention. 
The  Board  directe<l  the  recorder  to  notify  Mr.  Dupau  that  it  was  now 
in  session  and  would  examine  his  arm  as  soon  as  presented. 

As  there  were  no  guns  before  it  for  consideration,  the  Board  ad- 
joiuTied  to  meet  at  10  a.  m.,  the  8th. 


I^ATioNAL  Armory,  Mass., 

ApHl  8, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

A  letter  was  received  from  General  Franklin,  asking  permission  to 
withdraw  his  gun  for  alteration,  to  which  the  Board  assented. 

The  commanding  officer,  National  Armory,  submitted  the  Ward-Bur- 
ton magazine-gun  referred  to  in  the  report  of  the  Board  on  breech-load- 
ing small-arms,  of  which  General  Terrj',  U.  S.  A.,  was  president.  This 
gun  was  the  property  of  the  United  States,  having  been  made  at  the 
Armory  in  1873,  under  the  direction  of  General  Ward  and  his  agent. 

The  Boanl  proceeded  to  the  trial  of  this  arm  with  the  result  as  stated 
in  the  sjTiopsis. 

There  being  no  further  business  before  it,  the  Boanl  adjourned  to 
meet  at  10  a.  m.,  the  9th. 


]S^ATioNAL  Armory,  Mass., 

April  9, 1878. 

Boanl  met  i)ursuant  to  jMljournment. 
Present ;  All  the  members  and  the  reC/Order. 

It  having  beeu  stated  to  the  Board  that  the  Wanl-Burton  magazine- 
gun  worked  satisfactorily  with  brass  shells,  the  test  was  resumed  with 
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United  States  Cartridge  Company's  cartridges.  Trial  ha>'ing  demon- 
strated that  the  same  trouble  existed  as  before,  the  gun  was  withdrawn 
by  the  commanding  officer,  iN^ational  Armory. 

The  Sharps  Eifle  Company  presented  a  magazine-gun  which  the 
Board  examined  and  then  submitted  to  the  prescribed  tests.  The  re- 
sults are  stated  in  the  synopsis. 

There  being  no  further  business  before  it,  the  Board  adjourned  to 
meet  at  10  a.  m.,  the  10th. 


National  Armory,  Mass., 

April  10, 1878. 

The  Board  met  pursuant  to  a4joumment. 

Present :  Major  Parker,  Major  Farley,  and  the  recorder. 

Absent:  Colonel  Benton,  on  official  duty. 

The  following  letter  was  received,  read,  and  entered  on  the  record: 

Ordnance  Office,  War  Department, 

Washingtony  April  8,  1878. 

Sir:  In  an  iudoreemeiit  of  April  4,  1878,  approved  by  the  Secretary  of  War,  which 
was  communicated  for  the  information  of  your  Board,  I  used  the  following  language: 
"A  gun  of  cal.  0".44  need  not  be  thrown  out,  if  the  trial  will  prove  it«  merits  when 
using  regulation  ammunition."  My  meaning  is  thifl :  that  a  gun,  say  of  cal.  0".44,  using 
a  cartridge  smaUer  than  the  regulation,  say  with  40  or  50  grains  powder,  need  not  be 
thrown  out,  if  in  the  opinion  of  the  Board  its  trial  will  prove  that  it  wiU  do  equally 
well,  if  made  of  cal.  0''.45,  and  use  the  regulation  cartridge.  The  idea  being,  that  as 
a  magazine-gun  for  the  military  serN-ice  must  use  the  regulation  cartridge  and  Ik;  of 
cal.  (r^45,  there  is  no  use  trying  a  gun  of  smaller  caliber  and  using  a  lighter  cartridge, 
if  the  Board  believe  that  it  would  fail  as  a  cal.  0^'.45  using  the  regulation  cartridge, 
which  will  necessarily  strain  the  system  so  much  more. 
Respectfully,  your  obedient  servant, 

8.  V.  BENfiT, 
Brigadier  General^  Chief  of  Ordnance, 
Lieut.  Col.  J.  G.  Benton, 

President  of  the  Board  on  Magazine-Guns, 

National  Armory j  Springfield,  Mass, 

• 

The  Board  then  resumed  consideration  of  the  Sharps  Bifle  Company's 
magazine-gun. 

After  deliberation  it  was  decided  to  slightly  modify  the  extractor  and 
then  resume  the  test. 

One  guard-screw  was  found  broken.    A  new  one  was  substituted. 

Mr.  C.  B.  Hunt  presented  a  magazine-gun,  cal.  (K^44.  The  Board  ex- 
anuned  this  arm  but  decided  to  take  no  action  in  regard  to  it  until  the 
fall  Board  was  present. 

The  alteration  of  the  extractor  having  been  completed,  the  firing  was 
resumed  with  Sharps  Rifle  Company's  gun.  The  results  are  given  in 
the  synopsis. 

There  being  no  further  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.,  t£e  12th. 


Ifl^ATIONAL  AEMORY,  MASS., 

Apnl  12, 1878. 

The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

Mr.  C.  B.  Hunt  presented  his  0".44-caliber  magazine-gun,  and  drawings 
of  a  similar  gun  of  0".45  caliber  intended  to  use  the  service-cartridge. 
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He  explained  the  gun  and  drawings  to  the  Board.  In  presence  of  the 
Board  he  fired  15  cartridges  from  his  gun,  loading  from  the  magazine, 
by  way  of  showing  its  working  qualities. 

After  discussion,  the  following  decision  was  directed  to  be  entered  on 
the  record : 

"  The  Board  is  of  opinion  that  Mr.  Hunt's  system  of  a  magazine-gun 
possesses  merit,  but  as  the  piece  submitted  by  him  is  not  of  the  regiUa- 
tioii  caliber,  the  Board  is  unable  to  subje(;t  it  to  the  prescribed  tests.  It 
therefore  suggests  that  a  gun  of  0".45  caliber  be  submitted  for  trial." 

A  copy  of  this  decision  was  directed  to  be  furnished  Mr.  Hunt. 

There  being  no  further  business  before  it,  the  Board  acyoumed  to  meet 
at  10  a.  m.,  the  13th. 


National  Aemoby,  Mass., 

April  13,  1878. 

The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

Ko  guns  having  been  presented  and  there  being  no  business  before  it, 
the  Board  adjourned  to  meet  at  10  a.  m.,  the  15th. 


National  Aemory,  Mass., 

April  15, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

Mr.  Borchardt  presented  a  Sharps  Bifle  Com  |)any's  magazine-gun. 

Mr.  H.  H.  Lewis  presented  a  magazine-gun  called  the  Lewis-Bice  gun. 

These  guns  were  examined  by  Uxe  Board  and  then  submitted  to  the 
prescribed  tests.    The  results  are  stated  in  the  synopsis. 

Maj.  A.  B.  Buffington,  U.  S.  A.,  submitted  a  magazine-gun  of  his  in- 
vention which  he  explained  to  the  Board. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  16th. 


National  Abmory,  Mass., 

April  16, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

M^or  Buffington  informed  the  Board  that  he  desired  to  shghtly  mod- 
ify his  gun  before  it  was  submitted  to  the  tests;  to  this  the  Board 
assented. 

The  Board  then  decided  to  observe  the  effect  produced  on  cartridges 
Jolted  up  and  down  in  a  magazine-tube.  For  this  purpose  a  gun  was 
selected  whose  caliber  was  sufficiently  large  to  serve  as  a  magazine-tube. 
The  cartridges  were  put  in  the  barrel,  witii  a  spring  of  the  kind  qrdina- 
rily  used  in  magazine-guns  below  them.  The  gun  wa^  secured  in  a 
frame  having  a  vertical  motion  in  guides.  To  the  upper  end  of  the 
frame  one  end  of  a  belt,  which  passed  over  a  pulley  above,  was  attached. 
The  other  end  of  the  belt  was  fastened  to  a  crank  on  a  lathe.  The  length 
of  the  belt  was  such  tiiat  the  frame,  gun,  &c.,  had  a  fall  of  5^  inches. 
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The  cartridges  wei*e  tliiis  jolted  up  and  down  for  5  minutes  when  tky 
were  taken  out  and  examined. 

The  bullets  of  the  lower  cartridges  were  somewhat  squared  up,  and 
the  bases  of  the  cartridges  just  over  the  fulminate  showed,  marks  of  the 
lead  bearing  on  them.  The  operation  was  repeated  for  15  minutes, 
with  the  result  before  stated,  only  in  a  more  marked  degree.  The 
cartridges  were  then  returned  to  the  tube  for  1  hour  and  10  minutes. 
At  the  end  of  this  time  they  were  again  examined,  when  those  at  the 
bottom  of  the  tube  were  found  to  have  their  bullets  upset  so  as  to  nearly 
form  cylinders.    No  explosion  occurred  during  the  trial. 

There  being  no  other  business  before  it,  the  Board  adjourned  until  10 
a.  m.,  the  17th. 


National  Armory,  Mass., 

April  17, 1878. 

The  Board  met  pursuant  to  a4Joumment. 

Present:  All  the  members  and  the  recorder. 

The  Board  directed  a  continuation  of  the  tests  of  cartridges  jolted  in 
the  magazine,  using  the  various  kinds  now  in  service,  viz:  Frankfonl, 
United  States  Cartridge  Company's,  Union  Metallic  Cartridge  Com- 
pany's, and  the  Winchester  Arms  Company's. 

There  being  no  fiirther  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.,  the  18th. 


National  Armory,  Mass., 

April  18,  1878. 

The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.,  the  19th. 


National  Armory,  Mass., 

ApHl  19,  1878. 

The  Board  met  pursuant  to  adjournment. 
Present:  All  the  members  and  tlie  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.,  the  20th. 


National  Armory,  Mass., 

April  20,  1878. 

The  Board  met  pursuant  to  adjoiu'nment. 
Present :  All  the  members  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.,  the  22d. 


National  Armory,  Mass., 

ApHl  22,  1878. 

The  Boar<l  met  pursuant  to  adjournment. 
Present:  All  the  members  and  the  recorder. 

Major  Bufiiugton  having  made  such  changes  in  his  gun  as  he  de^ii^^ 
on  its  first  presentation,  now  submitted  it  for  the  action  of  the  Board. 
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Mr.  Borchardt  submitted  the  Sliarps  Eifle  Company's  giiii  in  it«  im- 
proveil  fonn.  The  Board  proceeded  to  test  these  guns,  with  the  results 
stated  in  tlie  synoi)sis. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  23d. 


National  Armory,  Mass., 

April  23,  1878. 

The  Boai'd  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

Major  Buffington  presented  his  gun,  slightly  modified,  and  Mr.  J.  J. 
Sweeny,  on  behalf  of  the  Winchester  Arms  Company,  submitted  a  mag- 
azine-giui  known  as  the  Hotchkiss  gun.  The  Board  proceeded  to  test 
these  guns,  with  results  as  stated  in  the  synopsis. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  24th. 


National  Armory,  Mass., 

April  24,  1878. 

The  Board  met  pursuant  to  adjournment. 
Present:  All  the  members  and  the  recorder. 

The  Board  continued  the  tests  of  the  Hotchkiss  and  Buffington  guns, 
after  which  it  adjourned  to  meet  at  10  a.  m.,  the  25th. 


National  Army,  Mass., 

ApHl  25,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

The  Boanl  continued  the  test  of  the  Shari^s  Rifle  Company's  gun, 
No.  8. 

Mr.  E.  Whitney  presented  four  magazine-gims,  called  respectively  the 
Tie«ing-Baldwin,  Tiesing-Berdan,  Tiesing,  and  the  Burgess.  The  first 
two  w^ere  cahber  0".42  and  the  others  caliber  0".45. 

Mr.  Whitney  stated  that  he  was  not  ready  to  submit  any  of  these  guns 
formally  to  the  Board,  but  would  like  to  have  a  preliminary  examination 
made  of  them,  after  which  he  would  fire  them  in  the  presence  of  the 
Board.    This  having  been  done,  Mr.  Wliitney  withdrew  the  guns. 

The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  26th. 


National  Armory,  Mass., 

Apnl  26, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

A  new  extractor  having  been  provided,  the  Board  continued  the  test 
of  the  Hotchkiss  gun. 

The  Winchester  Repeating  Arms  Company  presented  one  of  their 
repeating  rifles,  whicli  was  fired  a  luimber  of  times  in  the  presence  of 
the  Board.    As  this  gun  was  not  adai)ted  to  the  service  cartridge,  the 
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Board  was  unable  to  continue  the  test.    It,  however,  adopted  the  fol 
lowing  resolution : 

"  In  ^^ew  of  the  well-established  reputation  of  this  arm,  the  Rard 
would  suggest  that  a  gun  be  submitted  capable  of  firing  the  United 
States  service  ammunition." 

The  Board  directed  that  a  copy  of  this  resolution  be  furnished  the 
Company. 

The  Board  then  proceeded  with  the  tests  of  the  Buffington  magazine- 
gun,  after  which  it  adjourned  to  meet  at  10  a.  m.  the  27th. 


National  Armory,  Mass., 

April  27, 1878. 


The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  met  at  10 
a.  m.  the  29th. 


National  Abmory,  Mass., 

April  29, 187S. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

The  Board  directed  the  following  telegram  to  be  sent  the  Evans  Eifle 

Manufacturing  Company : 

National  Armory, 
Springfieldy  Mas$,j  April  29,  I87i 
Evans  Rifle  Manufacturing  Company, 

Mechunic8  FallSy  Me.: 

Board  expect>8  to  adjourn  until  next  June.    Do  yon  wish  your  gun  tried  now  or 
then  f    Answer. 

BENTON, 
PreMent  of  Boafl 

The  Board  then  continued  the  test  of  the  Hotchkiss  gun,  No.  9,  after 
which  it  adjourned  to  meet  at  10  a.  m.  the  30th. 


National  Abmoey,  Mass., 

ApHl  30, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

Letter  was  received  from  Evans  Rifle  Manufacturing  Company,  stat- 
ing that  they  would  wait  until  June  before  submitting  their  guns. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.  May  1, 1878. 


National  Abmobt,  Mass., 

May  1, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

Letter  was  received  from  Evans  Bifle  Manufitctoring  Company,  stat- 
ing that  their  guns  were  arranged  for  use  of  Lowell  cartridges  and  m* 
qiuring  if  such  were  on  hand  at  the  armory. 
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The  following  letter  was  sent  in  reply : 

National  Armory,  Mass., 

May  1,  1878. 

Gkxtlemen:  Your  letter  of  yestenlay  is  received.  In  reply  to  it,  I  have  to  8tat« 
that  the  Board  on  Magazine  GunA  has  decided  to  te«t  all  arms  submitted  to  it  with  the 
service-cartridge  made  at  the  Frankford  Arsenal.  All  the  arms  thus  far  have  been 
tested  with  this  cartridge. 

ResT>ectfully,  your  obedient  servant, 

J.  G.  BENTON, 
Lieutenant  Colonel^  and  President  of  Board. 
Evans  Riflb  Manufacturing  Company, 

Mechanic8  FaUa,  Me. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  ni.  the  2d. 


National  Armory,  Mass., 

May  2,  1878. 
The  Board  met  pursuant  to  adjourament. 
Present:  All  the  members  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  111.  the  3d. 


National  Armory,  Mass., 

May  3,  1878. 
The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.  the  4th. 


National  Armory,  Mass., 

May  4,  1878. 
The  Board  met  pursuant  to  a4Joixmment. 
Present :  Colonel  Benton,  Major  Farley,  and  the  recorder. 
Absent:  Major  Parker,  by  permission  of  the  Board. 
There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.  the  6th. 


National  Armory,  Mass., 

May  6,  1878. 
The  Board  met  pursuant  to  adjournment. 
Present:  Colonel  Benton,  Major  Farley,  and  the  recorder. 
Absent:  Major  Parker,  by  permission  of  the  Board. 
There  behig  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.  June  18,  1878,  in  accordance  with  the  authority  contained  in  the 
following  order : 

[Special  Orders  No.  97.] 

Headquarters  of  the  Army,  Aiwutant-Gknkral's  Office, 

fVa8hingt<mj  Maif  6,  187P. 
fExtraot.] 

««««««« 

2.  By  direction  of  the  Secretary  of  War,  tlie  Board  a])pointed  to  meet  at  the  National 
Annory,  Springlield,  Mass.,  by  General  Orders  No.  115,  December  18,  1877,  from  this 
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office,  to  consider  aud  recommend  a  niagazine-guu,  should  one  be  found  Huitable  fnr 
the  military  service,  is  authorized  to  adjourn  until  June  18,  proximo,  and  the  me mlirix 
not  on  duty  at  the  Anuory  will  rejoin  their  proper  stations.  The  Board  will  reau«em- 
ble  at  Springfield  on  June  18,  1878. 


By  couunand  of  Greneral  Sherman. 

E.  D.  TOWNSEND, 

Adju  tan  t-  Gemerei, 
Official: 

L.  H.  Pelouze, 

AMistant  Adjutant-General, 


National  Armory,  Mass., 

June  18,  187S. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

A  magazine-gun  forwarded  by  express  by  Mr.  B.  Burton  was  receive*! 
and  entered  on  the  docket  as  No.  11. 

Mr.  J.  J.  Sweeny  presented,  on  behalf  of  the  Winchester  Kepeating 
Arms  Company,  one  of  their  repeating  rifles  and  the  Hotclikiss  maga* 
zine-gun,  which  were  entered  on  the  docket  as  Nos.  13  and  12,  respect- 
ively. 

Mr.  K.  8.  Chaflfee  presented  a  magazine-gun,  caliber  0".44.  He 
explained  the  system  of  his  gun  to  the  Board,  and  in  its  presence  fired 
about  50  rounds  to  show  its  working  qualities. 

After  discussion,  the  Board  notified  Mr.  Chaffee  that  it  could  not  test 
this  gun  unless  adapted  to  the  service-cartridge. 

The  Board  then  proceeded  to  test  the  Winchester  and  Hotchkiss  guns, 
as  stated  in  the  synopsis. 

The  Board  then  a4Joumed  to  meet  at  10  a.  m.,  the  19th. 


Kationajl  Armory,  Mass^ 

June  19,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

Mr.  Josiah  Dupau  presented  a  Springfield  rifie  altered  so  as  to  be 
used  in  conjunction  with  a  special  form  of  cartridge-box  designed  to 
secure  greater  rapidity  of  fire.  After  showing  the  capabilities  of  this 
system  to  the  Board,  and  as  the  results  of  the  trial  did  not  meet  his 
expectation,  Mr.  Dupau  withdrew  his  gun. 

Mr.  H.  A.  Lewis  presented  a  magazine-gun  called  the  Lewis-Rice  gun, 
which  was  entered  on  the  docket  a«  No.  14. 

Letter  from  Mr.  J.  C.  Hodges  stating  that  he  had  a  magazine-gnn, 
caliber  0".32,  and  asking  if  the  Board  would  consider  it,  was  sub- 
mitted to  the  Board  by  Colonel  Benton.  After  discussion,  the  Board 
directed  the  recorder  to  infonp  Mr.  Hodges  that  it  could  not  test  his 
gun  until  adapted  to  the  service-cartridge. 

The  Board  then  proceeded  with  the  tests  of  the  Winchester,  Hotch- 
kiss,  and  Lewis-Rice  guns,  as  stated  in  the  synopsis,  after  which  it 
adjourned  to  meet  at  10  a.  m.,  the  20th. 
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National,  Armory,  Mass., 

June  20,  1878. 
The  Board  met  pursuant  to  adjournment. 
Present :  All  tlie  members  and  the  recorder. 

The  Board  proceeded  with  the  trial  of  the  Le\d8-Eice  and  Burton 
guns. 

The  latter  gun  not  working  satisfactorily,  a  letter  was  directed  to  be 
sent  Mr.  Burton  explanatory  of  the  difficulty. 
The  Board  then  adjourned  to  meet  at  10  a",  m.,  the  21st. 


National  Armory^  Mass., 

June  21,  1878. 

The  Board  met  pu^uant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

Telegram  was  received  fix)m  Mr.  H.  A.  Lewis,  withdrawing  the  Lewis- 
Eice  gun. 

The  Board  considered  the  letter  of  Mr.  C.  B.  Hunt,  referred  to  it  by 
the  Chief  of  Ordnance  for  report.  Mr.  Hunt  desired  to  have  a  magazine* 
gun  on  his  system  made  at  the  National  Armory,  at  the  expense  of  the 
United  States,  for  trial  before  the  Board  on  Magazine  Arms.  After  dis- 
cussion, it  wa«  resolved  that  "  since  the  Board  examined  the  plan  of 
Mr.  Hunt,  other  plans  have  been  submitted  which  are  thought  to  pos- 
sess greater  merit.  It  cannot,  therefore,  recommend  Mr.  Hunt's  gun  to 
be  made  at  government  expense,  as  it  would  only  feel  warranted  to  make 
that  recommendation  when  the  plan  presents  great  promise  of  sui)eri> 
ority  over  all  others  submitted  to  the  Board." 

Letters  were  sent  Mr.  E.  Whitney,  Mr.  G.  F.  Clemmons,  Mr.  W.  H. 
Miller,  Messrs.  Smith  &  Wesson,  E.  Kemington  &  Sons,  and  to  the  Sharps. 
Kifle  Company,  stating  that  the  Board  was  in  session  and  ready  to  try 
any  magazine-guns  they  might  wish  to  submit. 

There  being  no  fiirther  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.,  the  22d. 


Nationajl  Armory,  Mass., 

June  22,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

A  letter  was  addressed  to  General  Ames,  notifying  him  that  the  Board 
was  in  session  and  prepared  to  test  his  gun  when  presented.  The  Board 
considered  the  letter  of  Mr.  Joe  V.  Meigs,  referred  to  it  by  the  Chief  of 
Ordnance.  Mr.  Meigs  desired  to  have  a  Springfield  rifle  altered  on  his 
plan  to  a  magazine-gun,  at  the  National  Armory,  Mass.^  at  the  exx>en8e 
of  the  United  States,  for  trial  before  the  Board  on  Magazme-arms.  After 
discussion,  it  wa«  resolved  that "  the  Board  is  of  the  opinion  that  it 
woidd  only  be  admissible  for  it  to  recommend  the  manufacture  of  an 
arm  at  the  Armory,  at  government  expense,  which  is  to  compete  with 
those  presented  by  others,  when  the  plan  presented  great  merits  and  a 
promise  of  superiority  over  all  other  guns.  Several  systems  of  maga- 
zine-arms have  been  submitted  to  the  Board  for  trial  and  appear  to  be 
much  more  simple  and  less  exjiensive  than  this  proposed  alteration  of 
the  Springfield  gun.  The  wooden  model  and  rude  sketches  inclosed  are 
only  sufficient  to  give  the  Board  information  of  the  crude  ideas  enter- 
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tained  by  the  inventor,  and  it  is  not  able  from  these  to  say  that  it  pos- 
sesses these  great  merits.  Of  the  two  advantages  suggested  by  the 
Chief  of  Ordnance  in  his  indorsement,  the  Board  are  not  able  to  agree 
with  him  in  the  first,  for  ui>on  examination  as  to  the  cost  and  labor  ne- 
cessary for  the  constniction  of  this  arm  it  is  found  that  there  are  sucli 
fundamental  changes  that  the  alteration  of  plant  would  be  quite  as  great 
as  that  re<iuired  for  a  new  gun  of  entirely  different  system.  In  connec- 
tion with  this  attention  is  respectfully  invitecl  to  the  inclosed  report  from 
the  master  machinist  and  (Unughtsman  of  the  armory.  It  may  be  proper 
in  this  connection  to  state  that  the  Board  has  been  ad\i8ed  that  several 
plans  for  adapting  a  magazine  to  the  Springfield  system  are  being  pre- 
pared by  inventors  at  their  own  expense  to  be  submitted  to  the  Boanl.'' 
The  Board  tlien  prweeded  with  the  tests  of  the  Winchester  and 
Hotchkiss  guns,  aft^r  which  it  adjourned  to  meet  at  10  a.  m.,  the  24th. 


National  Abmost,  Mass., 

June  24, 1878. 

The  Board  met  pursuant  to  a4Joumment. 

Present:  All  the  members  and  the  recorder.    • 

The  Board  examined  the  drawings  of  a  magazine-gun  submitted  hx 
Mr.  B.  Burton.  After  discussion,  the  Board  declined,  in  accordance  with 
its  previous  rulings,  to  recommend  the  manufacture  of  this  gun,  as  re- 
quested by  Mr.  Biu1x)n,  at  the  expense  of  the  United  States.  The 
reconler  was  directed  to  notify  Mr.  Burton  of  this  decision. 

There  being  no  further  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.,  the  25th. 


National  Abmoby,  Mass., 

June  25, 1878. 

The  Board  met  pursuant  to  atijouniment. 

Present :  All  the  meml)ers  and  the  recorder. 

Letter  was  received  from  Mr.  B.  Biuton — ^in  reply  to  letter  of  Boani 
of  June  21,  informing  him  that  his  gun  had  failed  to  operate  satisfac- 
torily, and  inquiring  if  lie  desired  to  correct  the  difficulty — ^in  which  he 
requested  the  Board  to  make  ceitain  changes,  i)ractically  a  development 
of  his  system.  Tlie  Board,  after  consideration,  decided  that  this  was 
beyond  its  pro\ince,  and  directed  tlie  recorder  to  notify  Mr.  Burton  that 
his  application  could  not  be  entertained. 

]\Ir.  W.  H.  Miller  presents  a  Springfield  rifle  altered  to  a  magazine- 
gun.  After  examining  the  system  the  Boai'd  proceeded  to  test  it.  The 
gun  failing,  however,  to  meet  Mr.  Miller's  expectations,  he  asked  for  and 
obtained  permission  to  withdraw  it. 

There  being  no  fiirther  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.  the  26th, 


-N'ATiONAL  Armory,  Mass., 

June  20,  1878. 
The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recoixier. 

Telegram  was  sent  the  Evans  Kifle  Manufacturing  Company  inqnir 
ing  when  they  would  submit  their  gun. 

There  being  no  further  business  before  it,  the  Board  a^joiuTied  to  meet 
at  10  a.  m.  the  27th. 
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JS^ATIONAl.  ABMOEY,  MaSS., 

June  27,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

Letter  was  received  from  ^Ii\  J.  0.  Hodges  stating  advantages  claimed 
for  his  gun  (cal.  0''.32),  and  asking  for  recousidei*ation  of  his  api)licrttion 
to  have  it  tested.  Aiter  discussion  the  recorder  was  directed  to  notify 
Mr.  Hodges  that  he  could  submit  his  gun  for  examination  if  he  desired, 
but  that  it  could  not  be  tested  unless  adapted  to  the  service-cartridge. 

Letter  was  sent  the  Evans  Eifle  Manufacturing  Company  stating,  in 
rej)!}"  to  their  telegram  of  June  20,  that  tlie  Board  would  test  theii*  gun 
July  15,  time  designated  by  them. 

There  being  no  business  before  it,  and  no  reason  to  anticipate  any  for 
se^'eral  days,  the  Board  adjourned  to  meet  at  the  call  of  the  President. 


National  Armory,  Mass., 

July  9,  1878. 

The  Board  met  at  the  call  of  the  President. 

Present :  All  the  members  and  the  recorder. 

Mr.  J.  Keene  i)resented,  on  behalf  of  E.  Remington  &  Sons,  a  maga- 
zine-gun, which  he  explained  to  the  Board. 

Mr.  H.  A.  Lewis  submitted  the  Lewis-Rice  gun,  somewhat  modified 
since  previous  trials. 

The  Board  proceeded  to  test  these  guns,  after  which  it  adjourned  to 
meet  at  10  a.  m.  the  10th. 


National  Armory,  Mass., 

July  10,  1878. 
The  Board  met  pursuant  to  adjournment. 
Present:  All  the  members  and  the  recorder. 

The  Board  continued  the  test  of  the  Remington  magazine-gun,  after 
which  it  adjourned  to  meet  at  10  a.  m.  the  11th. 


National  Armory,  Mass., 

July  11,  1878. 

The  Board  met  pursuant  to  adjournment. 

I^resent :  All  the  members  and  the  recorder. 

The  Board  directed  that  a  letter  be  addressed  the  Chief  of  Ordnance, 
United  States  Army,  stating  that  in  its  opuiion  it  was  advisable  to  limit 
the  time  of  reiieiving  guns  to  the  31st  of  August ;  also,  that  Mr.  B.  Bur- 
ton be  notified  that  his  gun,  shipped  the  2d,  had  not  yet  been  received. 

There  being  no  other  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.  the  12th. 


National  Armory,  Mass., 

July  12,  1878. 

The  Board  met  pursuant  to  adjournment. 
Present:  All  the  members  and  the  recorder. 

The  Board  examined  photographs  and  description  of  cal.  0".32  gun, 
contained  in  Mr.  J.  (3.  Hodges's  letter  of  July  2. 

30  ORB 
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The  Board  directed  the  recorder  to  notify  Mr.  Hodges  that  it  liad 
heretofore  declined  to  test  any  gun  presented  unless  adapted  to  the 
service-cartridge,  and  that  it  could  make  no  discrimination  in  his  favor. 

Tliere  being  no  other  business  before  it,  the  Boajd  adjourned  to  mwt 
at  10  a.  m.  the  13th. 


I^ATiONAL  Armory,  Mass., 

July  13,  187S. 

The  Board  met  pursuant  to  adjoiuiiment. 

Present :  All  the  members  and  the  recorder. 

The  Board  continued  the  tests  of  the  Remington  magazine-gun ;  or. 
the  completion  of  which,  there  being  no  other  business  before  it,  it  ad 
iourned  to  meet  at  the  call  of  the  President. 


National.  Arhory,  Mass., 

July  20,  1878. 

The  folloA\ing  circular  was  this  day  sent  the  firms  and  indi%idnals 
named  below,  in  accordance  with  letter  received  from  War  Depart 
ment,  Adjutant-General's  Office,  dated  Washington,  JuIy  l^^-  1*^78: 
B.  Burton,  E.  Remington  &  Sons,  C.  B.  Hunt,  Alfred  J.'  Wolf,  E.  F. 
Edgecomb,  F.  Yetterly,  J.  II.  Beece,  G.  F.  Clemmons,  Smith  &  Wess*>n. 
Wincliest(»r  Arms  Comi)any,  J.  C.  Hodges,  GencTal  A.  Ames,  Ji\\w> 
Trabue,  Jos.  Y.  Meigs,  W.  F.  Suedden,  Sharps  Rifle  Conii)any,  Colts 
Patent  Fire  Arms  Manufacturing  Company,  Evans  Ritie  Com i)auy,  H.  A. 
Lewis,  Wliitney  Arms  Company,  William  H.  Miller : 

[Circular.] 

Office  of  the  Board  on  Magazine  Arms,  National  Armory, 

Sprinfifieldy  Mass.,  July  19,  l?vt?. 

Sir:  I  have  the  honor  to  iiifonn  yoii  that,  hy  direction  of  the  Secretary  of  War.  tin- 
Board  on  Magazine  GunH  wiU  receive  no  amia  for  examination  and  trial  after  V2  in. 
the  3l8t  of  August  next. 

Very  resjjectfullv,  your  obedient  servant, 

JOHN  E.  GREER. 
Captain  of  Ordnance,  U.  S.  A,,  liecorder  of  Board, 


[N^ATioNAL  Armory,  Mass., 

July  30,  1878. 

The  Board  met  pursuant  to  the  call  of  the  President. 
Present :  All  the  members  and  the  recorder. 

Board  discussed  the  fi^eneral  features  of  and  qualities  requisite  for  a 
magaziue-gun,  att43r  which  it  adjourned  to  meet  at  10  a.  m.  tlie  31st. 


National  Armory.  Mass., 

July  31, 1878. 


The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

Board  continued  the  discussion  of  pre\ious  day,  after  which  it  ad- 
journed to  meet  at  10  a.  m.  the  1st  proximo. 
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!N^ATioNAJL  Armory,  Mass., 

August  1,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

Mr.  J.  J.  Sweeny,  agent  for  the  Winchester  Eepeating  Arms  Com- 
pany, submitted  a  Hotchkiss  magazine-gun  (No.  18),  which  the  Board 
proceeded  to  test,  after  which  it  adjourned  to  meet  at  10  a.  m.  the  5th. 


National  Armory,  Mass., 

August  5,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  Colonel  Benton,  Major  Parker,  and  the  recorder. 

Absent:  Major  Farley,  by  permission  ol  the  Board. 

Mr.  J.  J.  Sweeny,  agent  for  the  Winchester  Eepeating  Arms  Company, 
submitted  a  Hotclikiss  magazine-gun  (No.  19),  which  the  Board  proceeded 
to  test,  after  which  it  adjourned  to  meet  at  10  a.  m.  the  6th. 


Nation*ajl  Armory,  Mass., 

August  6, 1878. 

The  Boanl  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recortler. 

Jioard  continued  the  te.st  of  the  Hotchkiss  magazine-gun  No.  19,  after 
which  it  adjoiuned  to  meet  at  10  a.  m.,  the  7th. 


National  Armory,  Mass., 

August  7,  1878. 

The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  I'ecorder. 

Board  discussed  the  merits  of  some  of  the  guns  before  it,  after  which 
it  adjourned  to  meet  at  10  a.  m.,  the  8th. 


National  Armory,  Mass., 

August  8,  1878. 

The  Board  met  pui'suant  to  adjournment. 

Present :  All  the  members  an(l  the  recorder. 

Board  continued  the  test  of  the  Hotchkiss  magazine-gun  No.  19,  on 
completion  of  which  it  proceeded  to  test  the  Lewis-Eice  magazine-gun 
(No.  20),  which  had  been  submitted  by  letter  of  the  7th. 

Letter  was  addressed  the  Wliitney  Arms  Company  in  reply  to  their 
letter  of  the  0th,  stating  that  the  Board  would  test  their  gun  any  time 
the  coming  week. 

The  Board  then  adjourned  to  meet  at  the  call  of  the  President, 
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National  Armory,  ]VIass., 

August  15, 187:1 
The  Board  met  at  the  call  of  the  President. 
Present :  All  the  uieinl)ers  and  the  recorder. 

The  Whitney  Anns  C'ompany  submitted  two  magazine-|^ns,  the  Bnr 
<>ess  and  the  Tiesing,  which  the  Board  i>roceeded  to  test,  on  the  c^omple 
tion  of  which,  there  being  no  other  business  before  it,  it  adjourned  to 
meet  at  10  a.  m.,  the  31st. 


National  Armory,  Mass., 

August  31, 187S. 

The  Board  met  piu*suant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

Magazine-guns  were  submitted  by  the  Whitney  Arms  Company  (the 
Burgess),  ]\Ir.  G.  F.  Clemmons  (alteration  of  Springfield  rifle),  Mr.  Janit^ 
Lee,  and  Mr.  R.  S.  Chaflfee.  A  model  of  magazine  intendeii  to  l>e  ap- 
plied to  the  Hotchkiss  gun  was  submitted  by  Lieut.  A.  H.  Russell,  U.S.  A 

The  Board  permitted  Mr.  Lee  and  Mr.  Chaffee  to  i-etaiu  their  gmis  for 
a  few  days  in  order  to  make  certain  additions  to  them. 

The  Board  then  proceeded  to  test  the  Burgess  gun,  after  which  it 
atljourned  to  meet  at  10  a.  m.,  the  2d. 


National  Armory,  Mass., 

September  2, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

The  Board,  after  discussion, 

''  Kemlved^  That  in  the  supplementary  tests  the  rusting  prescrilMnl  in 
the  se<*.ond  test  be  omitted,  as  sufticient  infonnation  on  that  point  was 
obtained  by  the  regular  rust-tests  through  which  the  guns  have  sati?*- 
factorily  i)assed,  but  that  the  excessive  charges  required  by  that  test  l>t* 
tired. 

''  That  to  determine  the  conijiarative  rai)idity  of  fire  and  facihty  <>f 
manipuhition,  as  ccnitemphited  by  the  third  sui)plementary  t^}^\^  earii 
gun  be  tired  20  sliots  by  three  enlisted  men  of  tlie  armory  detachment, 
loading  liom  the  cartridge-box  and  tiring  Anth  aim  at  a  target  ()'  by -4' 
too  yards  distant.  The  average  of  the  three  trials  to  be  the  rei'onietl 
time  of  firing  20  rounds.  The  magazine  to  be  loaded  from  the  cartriiljrt* 
box  before  the  start,  the  remainder  of  the  cartridges  to  be  fired  away 
first,  using  the  gun  as  a  single-sliooter,  and  the  nmgazine  to  be  einptic<l 
last. 

^'  That  luider  the  fourth  supplementarv'  test,  in  addition  to  the  test 
abeady  made  of  giving  a  jolting  motion  to  a  column  of  cjirtridges  in  a 
verti(;al  tube  with  the  si)iral  magazine-spring,  a  column  of  six  car- 
tridges be  jolted  in  a  tube  \\ithout  the  spring,  and,  if  there  be  no  ex]>l<>^ 
sion,  then  that  the  lowest  bidlet  in  tlie  cohmui  be  replaced  by  a  i>oint<^' 
steel  plug,  first  using  the  spring  below  the  plug,  and,  in  event  of  its  i»<;^ 
producing  explosion,  that  it  be  tried  without  the  spring.  Also,  if 
there  is  no  explosion  resulting  from  tlie  jolting  tests,  that  the  tube  eon 
taining  the  column  of  cartridges  lunnily  weighted  at  the  lower  eiul  to 
insure  its  vertical  position,  and  having  the  spring  at  the  bottom  of  the 
tube,  be  dropped  from  a  height  of  20  feet  upon  a  pavement,  and,  if  tbtre 
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is  no  explosion,  that  it  be  dropped  as  before  without  the  spring  in  the 
tube.  Afterward,  that  a  pointed  steel  plug  replace  the  lowest  bullet  in 
the  column,  and  it  be  dropi)ed  with  the  spring  in  the  tube ;  then,  if  there 
is  no  exi>losion,  that  the  dropping  be  finally  tried  with  the  spring  re- 
moved. These  tests  to  be  applied  equally  to  the  Frankford  and  exterior- 
primed  cartridges. 

*'That  the  comparative  convenience  of  carrying  the  diii'erent  guns  and 
exe<iuting  the  manual  of  arms  be  considered  and  tested." 

The  Board  then  proceeded  to  test  the  Clemmons  alteration  of  the 
Springfield  rifle  and  the  Burgess  gun — the  latter  having  been  repaired — 
after  which  it  adjourned  to  meet  at  10  a.  m.  the  3rd. 


!N^ATiONAL  Armory,  Mass., 

September  3,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

Tlie  Board,  after  discussion,  resolved  to  submit  to  the  supplementary 
tests  the  Sharps  Rifle  Company's  gun  No.  8,  the  Winchester,  No.  13,  tlie 
Remington,  No.  17,  and  the  Hotchkiss,  No.  19.  The  exhibitors  were 
notified  as  to  what  day  the  trials  would  be  made. 

The  jolting  of  cartridges  in  accordance  with  tests  a^lopted  the  2d  was 
commenced. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  4th. 


National  Armory,  Mass., 

September  4,  1878. 

The  Board  met  pursuant  to  adjoiumment. 

Present :  All  the  members  and  the  recorder. 

Tlie  Board  proceeded  with  the  firing  of  the  Sharps,  Winchester,  Rem- 
ington, and  Hotchkiss  guns,  three  enlisted  men  of  the  armory  detaeh- 
ment  having  been  selected  in  accordance  with  resolution  of  the  2d.  A 
breech-bolt  liaving  the  handle  vertical  when  the  bolt  is  locked  was  ap- 
plied by  Captain  Greer  to  the  Hotchkiss  gun,  as  typical  of  bolt-guns, 
and  submitted  by  him  with  the  view  of  facilitating  the  execution  of  the 
maiuial  of  arms,  particularly  in  the  "  carry,"  "  present,"  "  support,"  and 
"arms  port."  The  Board  then  proceeded  to  test  the  comparative  conven- 
ience of  carr,>ing  the  different  arms  and  the  execution  of  the  manual. 

Cai)tain  Greer's  bolt  was  also  tided. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  5th. 


National  Armory,  Mass., 

September  5, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

The  Board,  after  discussion, 

Renolvedy  That  in  place  of  that  part  of  the  resolution  passed  by  the 
Board  on  the  2d  of  September  relating  to  the  rust-test,  the  following  be 
substituted : 
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'^That  all  arms  selectod  for  supplementary  teste  be  msted  simnltane- 
ously,  i.  €,j  that  they  be  immersed  at  the  same  time,  for  ten  minuter,  iu 
the  same  sal-ammoniac  solution,  and  afterward  exposed  side  by  side  to 
its  corroding  action  for  foiu*  days,  when  they  will  each  be  tireil  hvr 
rounds  with  service-cartridges ;  then,  without  cleaning,  fired  fiv  e  roun<ls 
with  120  grains  of  powder  and  a  ball  weighing  1,200  grains ;  after  this 
each  gun  to  stand  twenty-four  hoiu^s  without  cleaning,  and  then  to  W 
thoroughly  examined.'^ 

Tlie  Board  then  resumed  the  te«ts  of  the  Burgess,  Winchester,  and 
Hotchkiss  guns,  after  which  it  adjourned  to  meet  at  10  a.  m.,  the  t>th. 


National  Armory,  Mass., 

September  6,  1878. 

The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  10 
a.  m.,  the  10th,  unless  sooner  convened  by  the  President. 


National  Armory,  Mass., 

Septefnber  10,  1878. 

Tlie  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

Letter  was  addressed  the  Whitney  Arms  Company,  in  regard  to  the 
Burgess  gun,  in  reply  to  their  letter  of  the  7th. 

There  being  no  other  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.,  the  11th. 


National  Armory,  Mass., 

Septetnher  11,  1878. 

Tlie  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

Mr.  G.  F.  Clemmons  submitted  his  magazine-gun  (alteration  of  tlio 
Springfield  rifle),  which  the  Board  proceeded  to  test,  after  which  it 
adjourned  to  meet  at  10  a.  m.,  the  12th. 


National  Armory,  Mass., 

September  12,  187a 

The  Board  met  pursuant  to  adjournment. 
Present :  All  the  members  and  the  recorder. 

Board  engaged  in  general  discussion  as  to  merits  of  guns  before  it, 
after  which  it  adjourned  to  meet  at  10  a.  m.,  the  13th. 
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National  Armory,  Mass., 

September  13,  1878. 

The  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

The  Board  proceeded  to  ascertam  the  effect  produced  on  the  gun 
by  the  accidental  insertion  of  caiiiidges  reversed  in  direction  in  the 
magazine.  It  was  found  that  with  the  Winchester  and  Remington  guns 
the  cartridges  could  be  removed,  though  with  considerable  difficult}', 
without  dismounting  any  of  the  parts. 

With  the  Sharps  gun  it  was  necessary  to  remove  the  cap  to  the  maga- 
zine, the  spring,  and  the  cartridge  follower.  All  of  these  guns  were  for 
the  time  disabled. 

With  the  Hotchkiss  no  trouble  whatever  was  experienced,  the  cart- 
ridges feeding  out  in  the  usual  manner.  Those  cartridges  which  were 
reversed  in  direction  had  merely  to  be  pushed  aside.  It  should  be  stated 
that  it  is  impossible  to  insert  the  cartridges  reversed  in  the  Hotchkiss 
by  the  hands  alone. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,  the  14th. 


National  Armory,  Mass., 

September  14, 1878. 

Tlie  Board  met  pursuant  to  adjournment. 

Present :  All  the  members  and  the  recorder. 

Tlie  Board  proceeded  to  test  the  Chaftee  and  Burgess  guns,  the  latter 
having  been  repaired,  after  which  it  adjourned  to  meet  at  10  a.m.,  the 
16th. 


Kational  Armory,  Mass., 

September  10,  1878. 

Tlie  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

The  Board  directed  the  recorder  to  notify  the  Whitney  Arms  Com- 
pany, E.  Remington  &  Sons,  and  the  Shari)8  liifle  Company  that  their 
guns  would  be  submitted  to  the  supplementary  tests  the  17th. 

The  Board  then  adjourned  to  meet  at  10  a.  m.,.the  17th. 


National  Armory,  Mass., 

September  17,  1878. 
Tlie  Board  met  pursuant  to  adjournment. 
Present:  All  the  members  and  the  recorder. 

The  Board  i)roceeded  to  apply  the  supplementary  tests  to  the  Shari>8, 
Remington,  Burgess,  Hotchkiss,  and  Winchester  guns,  after  which  it 
adjourned  to  meet  at  10  a.  m.,  the  lOtlu 


]!!5^ATioNAi.  Armory,  Mass., 

September  19,  1878. 
The  Board  met  pursuant  to  adjournment. 
Present:  All  the  members  and  the  recorder. 

The  Board  discussed  the  merits  of  the  arms  before  it,  after  which  it 
adjourned  to  meet  at  10  a.  m.,  the  20th. 
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National  Armory,  Mass., 

September  20, 1878. 
The  Board  met  pursuant  to  a<3journment. 
I^re^ent:  All  the  members  and  the  recorder. 
The  Board  continued  the  discussion  of  the  previous  day. 
There  being  no  other  business  before  it,  the  Board  adjourned  to  meet 
at  10  a.  m.j  the  21st. 


National  Armory,  Mass., 

September  21, 1878. 
The  Board  met  pursuant  to  adjournment 
Present :  All  the  members  and  the  recorder. 

The  Board  completed  the  supplementary  tests  Tiith  the  Hotchkiss, 
Winchester,  Sharps,  Burgess,  and  Eemington  guns,  after  which  it  ad- 
joiu'ned  to  meet  at  10  a.  m.,  the  23d. 


National  Armory,  Mass., 

September  23, 1878. 

The  Board  met  pursuant  to  adjournment. 

Present:  All  the  members  and  the  recorder. 

The  Board  decided  to  submit  the  Hotchkiss  gun  No.  19  to  a  final 
testfor  rapidity,  using  it  as  a  magazine-gun,  in  comparison  with  itself  as 
a  single-loader  and  A\ith  the  service  Si)ringfield  rifle ;  6  cartridges  to  be 
fired  5  the  magazine  and  chamber  to  be  loaded  in  the  first  c^ise,  andiii 
the  latter  two,  1  cartridge  to  be  inserted  in  the  chamber,  the  others  to 
be  taken  from  the  cartridge-box  j  the  recorded  time  to  be  the  mean  of 
three  trials. 

Aftey  discussion,  the  final  report  of  the  Board  was  adopted. 

Major  Parker  then  offered  the  following  resolution : 

Resolved^  That  as  the  upright  position  of  the  bolt-handle  assimilates 
that  class  of  guns  to  the  hammer-gun,  to  which  our  Army  is  accus- 
tomed, improves  their  appearance,  and  obAdates  any  necessity  for  a  chaiijfe 
in  the  manual  of  arms,  the  Board  recommend  that  a  few  locking-tube^ 
ha\ing  this  j)osition  of  the  handle,  be  issued  with  these  arms,  to  eual>le 
those  using  them  in  service  to  determine  whether  or  not  it  is  in  otlier 
respects  and  ui>on  the  whole  as  desirable  a«  the  horizontal  handle. 

To  this  resolution  Major  Farley  voted  no ;  Major  Parker  voted  yes : 
Colonel  Benton  voted  no. 

Major  Farley  submitted  the  following  explanation  in  regard  to  his 
vote : 

"  He  can  find  nothing  in  the  record  to  show  why  he  should  as8(*nt  to 
a  change  which,  in  his  opinion,  militates  against  the  efficiency  of  the 
magazine-ann  selected  by  the  Board.  A  i)lan  has  been  suggiested  to 
simply  turn  up  the  bolt  to  a  vertic^il  i)osition,  and  lock  the  same  for  (con- 
venience in  candying  the  gim  at  the  supi>ort  arms,  which  does  not  carr>' 
with  it  a  loss  of  time  or  complex  motion  incident  to  the  bolt  being  ma 
nipulated  on  the  left  side  of  the  jiiece.  Future  experience  and  e2qK*ri- 
ment  will  determine  the  compromise  necessary  for  a  new  arm  and  an  old 
manual.'^ 

Tlie  Board  then  proceeded  to  make  the  final  test  with  the  Hotchkiss 
gun,  Na  19,  after  which  it  adjourned  sine  die. 
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Description  of  gum  and  results  of  tests  applied  hy  tlie  hoard, 

BREECH-LOADING  SMALL-ARMS  HAVING  A  FIXED  CHAMBER  CLOSED  BY 
A  MOVABLE  BREECH-BLOCK  WHICH  SLIDES  IN  THE  LINE  OF  THE  BAR- 
REL BY  DIRECT  ACTION,  i.  e.,  BOLT-GUNS  WHICH  HAVE— 

1.— CONCEALED  LOCKS. 

hotchkiss. 

Remington. 

Sharps. 

Franklin. 

Burton. 

Ward-Bltiton. 

Lee. 


Hotchklss  191  a^azine-Gunf  No.  9. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt,  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  receiver  shown  in  Figs.  1,  2,  and  3,  Plate  I,  is  cnt  through  at  the 
rear  for  the  recei>tion  of  the  bolt  j  it  is  also  cut  away  at  the  side  to 
receive  the  handle  when  the  bolt  is  locked.  The  breech-bolt  -is  com- 
posed of  three  parts,  viz :  the  body  or  locking-tube,  Fig.  4,  of  which  the 
handle  forms  a  part;  the  bolt-head,  Fig.  5;  and  the  rear  portion,  or 
cocking-piece,  Fig.  6,  to  which  the  firing-pin  is  secured  by  a  screw- 
thread.  The  body  of  the  bolt  is  hollowed  out  for  the  firing-pin  and 
spring :  the  latter  bears  on  a  shoulder  near  the  rear  end  of  the  body. 
The  bolt-head,  whicl^  supports  the  cartridge  at  tlie  inst^int  of  fire,  carries 
the  extractor.  Fig.  7,  which  is  attached  to  its  side  by  means  of  a  dove- 
tail tenon.  On  the  bolt-head  is  a  projection,  B,  which,  turning  in  a 
groove,  C,  in  the  body  of  the  bolt,  serves  to  hold  the  two  parts  together. 
I'he  cocking-piece  is  held  in  contact  with  the  body  of  the  bolt  by  the 
tension  of  the  firing-pin  spring.  Tlie  firing-pin.  Fig.  8,  is  flattened  near 
its  front  end.  The  bolt-head  is  prevented  from  turning  about  tlie  pin, 
when  the  bolt  is  withdra\^Ti,  by  the  tenon  on  the  extractor  which  extends 
into  the  firing-pin  hole  nearly  to  the  flattened  suiiace  of  the  pin.  A  pro- 
iection,  D,  on  the  bolt-head  enters  a  corresponding  recess  in  the  receiver 
when  the  bolt  is  locked ;  consequently,  the  bolt-head  cannot  turn  when 
the  body  of  the  bolt  is  rotated  about  its  axis,  as  in  the  act  of  locking 
the  piece.  The  cocking-piece  is  shown  in  Fig.  0.  A  projection,  E,  fits 
in  a  recess,  F,  on  the  rear  of  the  body  of  the  bolt.  The  form  of  this  pro- 
jection, and  of  its  coiTcspondiiig  recess,  is  such  that  when  the  bolt  is 
unlocked  the  cocking-piece  is  cammed  back  beyond  the  nose  of  the  sear, 
or  upper  extremity  of  the  trigger,  withdrawing  the  point  of  the  firing- 
pin  within  the  face  of  the  bolt-head.  When  the  bolt  is  locked,  which  is 
done  by  tuniing  down  its  handle  in  the  cut  in  the  receiver,  the  firing-pin 
spring  is  compressed.  By  pressing  on  the  trigger,  the  sear  is  drawn 
from  the  cocking-piece,  and  the  fliing-pin,  driven  forward  by  its  spring, 
explodes  the  cartridge. 

The  form  of  the  side  cut  in  the  receiver  at  its  rear,  G,  Fig.  2,  is  such 
,  that  the  breech-bolt  is  cammed  forward  as  it  is  turned  to  the  locking 
positicm,  forcing  the  cartiidge  into  the  chamber.  As  the  firing-pin  can- 
not reach  the  caitridge  until  the  bolt  is  locked,  accidental  explosions 
are  avoided. 

The  shape  of  the  cut  at  front,  H,  Fig.  2,  is  such  as  to  cam  back  the 
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bolt  during  the  unlocking,  starting  the  empty  shell.  The  shells  are 
tlirown  out  tliat  side  of  the  receiver  which  is  cut  away.  The  extni<tor 
being  on  the  same  side,  the  shells  are  unsupported  against  its  side  puJl 
the  instant  they  leave  the  chamber.  Their  front  ends  being  am- 
sequently  deflected  from  the  axis  of  the  receiver,  the  shelLs  fall  to  the 
ground. 

The  magazine  is  in  tlie  butt-stock.  A  hole  is  drilled  in  the  receiver 
at  its  rear  end,  below  the  breech-lK>lt,  oblique  to  the  axis  of  the  lK»re, 
Fig.  1.  Through  this  hole  the  cartridges  are  fed  from  the  uiagazint- 
into  the  receiver,  when  the  bolt  forces  them  into  the  chamber.  The 
trigger,  shown  in  Figs.  9  and  10,  bends  around  the  magazine- tube.  Two 
cartridge-stoi)s,  I  and  J,  Fig.  1,  are  connected  with  it,  one  above  and  one 
below  the  cartridges.  \Mien  the  magazine  is  filled,  which  is  done  by 
pressing  the  cartridges  into  it  fn)m  tlie  receiver,  the  front  cartridjr^ 
bears  against  the  lower  stop,  as  seen  in  Fig.  1.  By  pressing  on  the 
trigger  the  lower  stop  is  depressed  below  the  level  of  the  magazine,  and 
the  first  cartridge,  under  the  pressure  of  the  magazine-spring,  slips  hy 
and  bears  against  the  under  side  of  the  bolt.  As  the  lower  stop  is 
depressed,  the  upper  one  descends,  checking  a  second  cartridge  from 
passing  through.  Wlien  the  bolt  is  withdrawn,  the  first  e^irtridge  is 
driven  up  by  the  spring  into  the  receiver,  while  the  second  one,  which 
has  now  passed  the  upper  stop,  is  in  turn  checked  by  the  lower  one.  It 
will  be  seen,  tlierefore,  tliat  the  pressing  of  the  trigger  to  fire  one  car- 
tridge, permits  the  next  one  to  partly  enter  the  receiver,  the  operation 
being  completed  when  the  bolt  is  \%ithdrawn  with  the  empty  shell. 
The  slide  K  locks  the  trigger  when  the  jnece  is  carried  at  ftdl-cock ;  it 
also  locks  the  breech-bolt  by  forcing  the  nose  of  the  sejir  in  a  groove  in 
the  bottom  of  the  bolt. 

A  magazine  cut-off  enables  the  piece  to  be  used  as  a  single-loader. 

As  a  magazine-gun,  3  motions  are  necessary  to  oi)erate,  viz :  opened, 
closed,  fired. 

As  a  single-loader,  4  motions  are  necessary,  viz:  opened,  loaded, 
closed,  fired. 

Five  cartridges  are  carried  in  the  magazine  and  1  in  the  chamber. 

SYNOPSIS  OF  TESTS. 
April  23,  1878. 

The  safety-test  was  complied  with  by  Mr.  J.  J.  Sweeny,  representing 
the  gun.    Time,  27  seconds. 

I. — Bapidity  with  accuracy. 

As  a  magazine-gun,  22  shots  were  fired ;  16  struck  the  target,  5  c-sir- 
tridges  remained  in  the  magazine.  3  cartridges  were  thrown  out  unftixnl, 
caused  by  two  cartridges  escaping  from  the  magazine  at  once,  one  of 
which  entered  the  chamber,  while  the  other  fell  to  the  ground  tlirough 
the  space  cut  away  on  the  right  side  of  the  receiver;  tliis  occurred  thive 
times. 

As  a  single-loader,  39  shot.s  were  fired ;  25  struck  the  target-  This 
lack  of  accuracy  was  caused  by  the  fatigue  of  the  marksman,  who  was 
continuously  testing  this  and  other  guns. 

II. — Rapidity  at  will. 

As  a  magazine-gun,  17  shots  were  filled;  2  cartridges  remained  in  the 
magazine. 
As  a  single-loader,  27  shots  were  fired. 
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III. — Endurance. 

The  j?mi  worked  well  throughout  the  test,  though  a  little  moi'e  force 
was  required  to  operate  the  breech-bolt  during  the  last  100  rounds. 

April  24,  1878. 
IV. — Defective  cartridges. 

First  fire, — Decided  escape  of  gas.  On  withdrawing  the  breech-bolt 
the  extractor  was  found  broken.  The  test  was  then  discontinued  until 
a  new  extractor  could  be  provided. 

Ajkil  26,  1878. 

IV. — Defective  cartridges. 

First  fire. — ^Decide<l  escape  of  gas. 

Second  fire. — Same;  shell  failed  to  extract  on  withdrawal  of  bolt. 
Extracted  on  second  trial. 

-Third  fire. — ^Very  slight  escape  of  gas.  Gun  worked  fi^eely  through- 
out test. 

Y.—Dust. 

Gun  worked  well  throughout  test. 

April  29,  1878. 

Yl.— Rust. 

Gun  badly  rusted ;  worked  well  throughout  test. 

VII. — Excessive  charges. 

After  first  fire  gun  was  examined,  and  fi^ont  end  of  rib  on  body  of 
breech-bolt  was  found  broken  off.  Tliis  wa«  due  to  the  ban^el  being  cut 
away  too  much  about  extriictor-seat,  leaving  cartridge-shell  unsup]>orted 
at  that  point.  An  examination  of  shells  of  cartridges  previously  fii*ed 
showed  that  this  defect  had  existed  from  the  beginning  of  the  tests,  but 
with  the  service-charge  no  trouble  was  experienced. 

The  gun  was  then  withdi^awn  by  exhibitor  for  correction. 


iVIagazinc-Onn,  IVo.  13« 

Tliis  gun  differs  from  Xo.  9  in  the  following  particulars : 
The  magazine  cut-ott'  and  upper  cartridge-stop  are  omitted.  A  small 
lever,  A,  Fig.  6,  Plate  II,  l>ing  in  a  slot  on  the  left  side  of  the  receiver 
and  pivoted  near  its  mi<l(lle  point,  has  at  its  upper  extremity  a  short 
arm  extending  through  the  side  of  the  receiver  so  as  to  come  in  contact 
with  the  surface  of  the  breech-bolt.  At  its  lower  extremity  is  a  sort  of 
•  hook,  whi(*b  enters  a  corresponding  recess  in  the  side  of  the  tiigger.  On 
the  left,  side  of  the  bolt  is  a  groove,  the  bottom  of  which  is  connected 
with  the  surface  of  the  bolt  by  inclined  planes.  When  this  groove  is 
opposite  the  ui)per  arm  of  the  lever  mentioned — wliich  is  the  case  when 
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the  bolt  is  locked — ^tlie  trigger  is  free  to  move.  When  the  bolt  is  with 
drawn,  the  arm  riding  out  of  the  groove  is  pushed  back,  and  the  lower 
arm  hooks  into  the  side  of  the  trigger  and  locks  it.  The  accndenra! 
pulling  of  the  trigger  from  the  groove  in  the  bottom  of  the  breech-ln»lt 
is  thus  rendered  impossible,  eliminating  the  liability  of  the  bolt  to  pall 
entirely  out  when  it  is  withdrawn. 

Since  the  trigger  can  only  be  pulled  when  the  bolt  is  closed,  the  firsi 
cartridge  passes  the  cartridge-stop  and  is  checked  by  the  under  surface' 
of  the  bolt  itself.  When  the  bolt  is  dra^\^l  back,  this  cartridge,  umVr 
the  impulse  of  the  magazine-si)ring,  is  shot  into  the  chamber,  whilr 
another  one  moves  up  against  the  cartridge-stop. 

When  the  trigger  is  pulled  to  fire  the  first  cartridge,  the  second  one 
l)asses  the  stop,  and  is  in  turn  che(?ked  by  the  umler  siu'face  of  the  lM»lt. 
\Vlieii  the  bolt  is  withdrawal  with  the  empty  shell,  the  second  eartrid^'v 
is  shot  into  the  chamber,  and  so  on.  In  otlier  respects  this  gun  is  tbt 
same  as  Xo.  9. 

SYNOPSIS  OF  TESTS. 

I 

June  18,  1878. 

The  safety  test  wa«  complied  with  by  Mr.  Sweeny,  representing  the 
gun.    Time,  17  seconds. 

I. — Rapidity  tcttk  accuracy. 

As  a  magazine-gun,  25  shots  were  firexl,  of  wiiich  22  struck  the  target. 
Three  cartridges  were  thnn\'n  out  unfircd,  their  bullets  striking  against 
the  front  of  the  receiver,  stopinng  for  the  moment  the  Jiction  of  tbe 
breech -bolt. 

As  a  single-loader,  45  shots  w^ere  fired,  of  whi(;h  22  struck  the  target. 
One  cartridge  missed  fire ;  exploded  on  first  blow  in  Winchester  re- 
peater. 

n. — Rapidity  at  tcilL 

As  a  magazine-gun,  14  shots  were  fired.    Four  cartridges  remained 
in  the  magazine. 
As  a  single-loader,  21  shots  were  fired. 

III. — Endurance. 

Gun  worked  satisfactorily  throughout  test. 

IV. — Defective  cartridges. 
Moderate  escape  of  gas  at  1st  and  2d  rounds ;  none  at  3d. 

Y.—Du8t. 
Gun  worked  satisfactorily  throughout  test. 

YL—Rmt. 

Gun  badly  rusted.    Bolt  was  started  by  tapping  on  it  with  handle- 
of  screw-driver.    Bolt  pulled  entirely  out,  due  to  sear  not  being  in 
place. 

Gun  otherwise  worked  well  throughout  test. 
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Vil. — Excessive  charges. 

Gun  worked  well  tliroughout  test. 

This  gun  was  not  subjected  to  the  supplementary  tests,  gun  No.  19 
being  considered  as  representative  of  the  system. 


Hotchkiss  I?Iag:aziiie-Oan«  IVo.  1§. 

This  gun  differs  from  No.  12  only  in  the  addition  of  a  magazine  cut- 
off, which  is  also  the  device  for  locking  tlie  breech-bolt  when  the  i)iece 
is  carried  at  full  cock,  and  in  the  additional  metal  B,  Fig.  2,  Plate  II, 
left  at  the  side-cut  of  the  receiver,  witli  the  view  of  preventing  the  acci- 
dental falling  out  of  cartridges.  By  tlie  latter  change  the  cartridge  is 
caused  to  partly  enter  the  chamber  before  its  head  parses  in  the  wider 
space  at  B. 

The  magazine  cut-off.  Fig.  3,  Plate  II,  is  attached  to  the  right  side  of 
the  piece.  Its  shaft,  C,  passes  partly  through  the  stock,  just  below  the 
sear  and  in  front  of  the  magazine-tube.  When  the  lever  by  which  it  is 
operated  is  vertical,  the  notc^hed  end  ui)ward,  the  curv  ed  side  D  of  the 
shaft  coincides  with  the  upper  surface  of  the  magazine-tube,  and  car- 
tridges can  readily  pass  by  it.  The  side  E  being  so  cut  away  as  to 
admit  motion  of  the  trigger,  the  piece  may  be  used  as  a  magazine-gun. 
When  the  notched  end  of  the  lever  points  to  the  reiir,  the  side  F  projects 
across  the  mouth  of  the  tube  sufficiently  far  to  i>revent  the  escape  of 
cartridges.  The  piece  may  then  be  used  as  a  single-loader.  When  the 
not<''hed  end  points  to  the  front,  the  side  F  comes  in  contact  with  the 
under  side  of  the  sear  and  locks  the  trigger,  the  sear  being  held  in  the 
groove  in  the  bottom  of  the  bolt ;  the  latter  is  also  locked.  The  cut-off 
is  held  in  any  of  its  positions  by  a  small  pin,  G,  which  is  forced  by  a 
spiral  spring  into  con^esponding  Ixoles  in  the  bed,  in  which  it  turns. 

SYNOPSIS  OP  TESTS. 

August  1,  1878. 

Tlie  safety  test  was  complied  with  by  Mr.  R.  T.  Hare.  Time,  19 
seconds. 

I. — Rapidity  xcith  accuracy. 

Two  attempts  were  made  to  complete  this  test,  using  the  magazine. 
In  both  cases  the  breech-bolt  was  pulled  entirely  out  in  the  act  of  eject- 
ing the  shells.  This  was  believed  to  be  due  to  too  much  play  of  the 
bolt  in  the  receiver,  and  to  the  fact  that  the  sear  did  not  come  fully  up 
into  the  gn)Ove  in  the  bottom  of  the  bolt. 

Gun  withdrawn  by  exhibitor. 


Hotchkiss  ma^nzine-Onn,  IVo.  19. 

PLATE  n. 

(Does  not  differ  from  No.  18,  with  exception  of  trigger-spring.) 

SYNOPSIS  OF  TESTS. 
August  5,  1878. 

The  safety-  test  wa«  comi)lied  with  by  Mr.  R.  T.  Hare.    Time,  19 
seconds. 
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I. — Rapidity  with  accuracy. 

As  a  magazme-gun  29  shots  were  fired,  of  wliicli  20  struck  the  target. 
5  cartridges  remained  in  the  magazine. 
As  a  single-loader  44  shots  were  fired,  26  of  which  struck  the  target 

II. — Rapidity  at  toill. 

As  a  magazine-gun  22  shots  were  fired.    1  cartridge  remained  in  the 
magazine. 
As  a  single-loader  28  shots  were  fired. 

III. — Endurance. 
Gun  worked  satisfactorily  throughout  the  test. 

TV. — Defective  cartridges. 

At  first  and  second  rounds  moderate  escape  of  gas ;  at  third  round 
none. 

Y.—I)mt. 

Gun  worked  freely  throughout  test. 

The  firing-x)in  spring  was  incidentally  tested  by  allowing  the  piece  to 
stand  fiill-cocked  for  18  hours.    There  was  no  setting  of  the  spring. 

Yl.— Rust. 

The  magazine  cut-oif  was  rusted  solidly  in  its  seat ;  had  to  be  starteil 
with  i>liers.    Otherwise  mechanism  operated  freely. 
Gim  worked  well  throughout  firing. 

VII. — Excessive  cJutrges. 

Giui  worked  well  throughout. 

At  last  round  head  of  shell  burst  just  under  extractor.  Shell  extracted 
readily. 

SUPPLEMENTARY   TESTS. 
Septemher  4,  1878. 

Mean  time  of  firing  20  rounds  by  3  enlisted  men  of  the  armory  detach- 
ment,  loading  froin  the  cartiidge-box,  with  exception  of  one  magazine 
full  pre\iou8ly  loaded,  1  minute,  37  seconds. 

Of  the  60  cartridges  fired  43  hit  the  target— 6'  by  24'— 100  yards  dis- 
tance ;  17  of  these  hit  the  figure  of  a  man  at  the  center  of  the  target. 

The  others  were  grouped  well  around  it.   . 

September  5,  1878. 
I. — Dust. 

Slight  escape  of  ga«  at  firing  of  defective  cartridges- 
Gun  worked  well  throughout  test. 
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September  21, 1878. 

JI.—RU8t 

Opened  with  comparatively  little  difficulty.  Bolt  pulled  out  owing  to 
trigger  not  being  in  its  seat.  After  little  working  gun  operated  welL 
At  each  round  with  heavy  charges,  head  of  shell  cut  through  at  ex- 
tractor. After  last  round  bolt  opened  with  some  difficulty.  No  oil  was 
used  during  the  test. 

FINAL  TEST. 
September  23, 1878. 

Six  shots  were  fired  (5  being  in  the  magazine  and  1  in  the  chamber), 
the  gun  being  brought  each  time  to  the  shoulder. 

Mean  time  of  three  trials.  8  seconds. 

Six  shots  were  fired  (1  being  in  the  chamber  and  the  others  being 
taken  fiom  a  cartridge-box),  the  gun  being  brought  to  the  shoulder. 

Mean  time  of  three  trials,  16  seconds. 

Six  shots  were  fired  from  a  service  Springfield  rifle  (1  being  in  the 
chamber  and  the  others  being  taken  from  a  cartridge-box),  the  piece 
being  brought  to  the  shoulder. 

Mean  time  of  three  trials,  18  seconds. 

Six  shots  were  then  fired  at  will  fix)m  the  Hotchkiss  gun  (the  maga- 
zine and  chamber  being  loaded)  in  six  seconds. 


Remington  Magrazine-Onn,  No.  IT. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt,  by  direct  action,  and  in  which  the  lock  is  concealed. 

Tlie  receiver,  shown  in  Fig.  1,  Plate  III,  is  cut  through  at  the  rear  for 
the  breech-bolt,  and  at  the  side  for  the  handle  when  the  bolt  is  locked. 

The  breech-bolt  is  composed  of  three  parts,  viz :  The  body  or  locking- 
tube,  A,  Fig.  2 ;  the  cocking-piece,  B,  Fig.  3 ;  and  that  (C,  Fig.  4)  which 
serves  to  connect  the  other  two. 

The  extractor,  Fig.  1,  lies  in  a  groove  just  in  front  of  the  rib  of  the 
locking-tube.  Its  tenon,  D,  enters  a  recess  in  the  side  of  the  tube.  The 
rib  is  bored  out  for  a  spiral  spring  and  spindle,  E  and  F^  Fig.  1,  the  lat- 
ter of  which  bears  against  the  rear  of  the  extractor,  which  is  turned  up 
nearly  at  right  angles  to  its  length,  holding  the  fix)nt  down  on  the  car- 
tridge-head. Wlien  the  bolt  is  unlocked  the  extractor  rides  around  the 
head  of  the  cartridge.  The  ejector.  Fig.  5,  which  is  attached  to  the 
front  face  of  the  locking-tube,  is  pierced  for  the  i)oint  of  the  firing-pin. 
Its  upper  extremity  is  pivoted  to  the  bolt,  while  its  lower  is  free  to  move 
to  the  front  when  struck  by  the  carrier-lever  G,  Fig.  1,  when  the  bolt 
is  withdrawn.  In  that  case  the  extractor  pulls  on  the  upi)er  side  of  the 
cartridge,  while  the  under  side  is  struck  by  the  Rector.  The  eft'ect  is 
to  throw  the  shell  clear  of  the  gun. 

The  cocking-piece  is  terminated  at  front  by  the  firing-pin.  Fig.  6. 
secured  to  it  by  a  small  pin  at  right  angles  to  its  axis.  It  is  hollowed 
out  for  the  firing-pin  spring,  which  bears  on  the  rear  of  the  firing-pin  at 
front,  and  at  rear  on  a  screw  at  right  angles  to  the  axis  of  the  spring, 
through  the  part  C  of  the  bolt.  The  cocking-piece  is  provided  with 
half  and  fnll-cock  notches.  A  projection,  H,  on  the  cocking-piece  enters 
a  recess,  1,  on  the  rear  of  the  locking-tube.    The  form  of  this  projection 
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and  its  corresponding  recess  is  such  as  to  cam  back  the  cockingpiece 
when  the  bolt  is  unlocked,  far  enough  to  permit  the  half-cock  notch  to 
l)ass  beyond  the  sear,  at  the  same  time  withdrawing  the  point  of  the 
firing-pin  within  the  fece  of  the  bolt.  The  piece  may  be  fcdl-coeked  by 
l)ulling  the  cockiog-piece  to  the  rear  by  the  button  with  which  it  is  ter- 
minated, or  by  drawing  back  the  bolt  and  then  returning  it  to  its  lock- 
ing position.  The  bolt  is  prevented  from  being  unlocked  at  either  half 
or  full  cock  by  the  point  of  the  spindle  in  the  axis  of  the  handle  enterinjr 
the  recess  J  in  the  cocking-piece.  The  spindle  is  held  down  by  a  spiral 
spring  which  get«  its  bearing  on  the  screw  K. 

The  magazine  is  in  the  tip-stock.  The  carrier  is  piToted  on  a  stronjr 
screw  through  the  side  of  the  receiver.  Its  lever  works  in  a  groove  in 
the  bottom  of  the  locking-tube.  When  the  bolt  is  withdrawn  the  front 
end  of  the  groove  strikes  on  the  lever  and  tips  the  carrier  up  in  a  jxisi 
tion  oblique  to  the  axis  of  the  bore,  bringing  the  point  of  the  cartridge 
opposite  the  center  of  the  chamber.  The  carrier  is  held  in  tliis  position 
by  the  catch  L,  which  springs  over  a  pin  on  the  inner  sur&ice  of  the 
receiver.  When  the  bolt  is  closed  its  front  presses  against  the  catch 
and  releases  it,  while  the  rear  end  of  the  groove  in  the  bottom  of  the 
locking-tube  strikes  the  carrier-lever  and  causes  the  carrier  to  descend 
opposite  the  mouth  of  the  magazine.    A  magazine  cartridge-stop,  Fi^. 

7,  is  located  on  the  left  side  of  the  receiver.  One  extremity  partly  covers 
the  mouth  of  the  magazine,  while  the  other  projects  through  the  side  of 
the  receiver  so  as  to  come  in  contact  with  the  bolt.    A  flat  spring,  Fifj. 

8,  holds  it  in  place.  When  the  bolt  is  locked  the  end  of  the  stop  within 
the  receiver  enters  the  groove  in  the  bottom  of  the  bolt,  as  seen  in  Fig. 

9,  When  the  bolt  is  u^ocked  the  side  of  the  groove  presses  down  on 
this  end,  and  the  stop  moves  downward,  as  in  Fig.  10,  permitting  a  car- 
tridge to  come  out  of  the  magazine  on  the  canier.  The  stop  is  so  con- 
structed that  a  projection  on  its  upper  side  descends  just  in  front  of  the 
rim  of  the  cartridge  as  the  lower  part  falls  in  rear  of  it,  so  that  the  escajie 
of  a  second  cartridge  is  prevented.  When  the  bolt  has  been  withdrawn 
the  spring  returns  the  stop  to  its  first  position.  A  magazine  cut-off  is 
provided  which  works  in  connection  with  the  cartridge-stop.  A  pro- 
jecting arm  of  the  cut-off  may  be  made  to  enter  a  recess,  M,  in  the 
upper  extremity  of  the  stoj)  and  hold  the  latter  clear  from  the  operation 
of  the  bolt. 

The  magazine  is  loaded  from  below,  and  in  any  position  of  the  bolt. 

As  a  magazine-gun,  3  motions  are  necessary  to  operate  it,  viz :  opened, 
closed,  fired. 

As  a  single-loader,  4  motions  are  necessary,  viz:  opened,  loaded, 
closed,  fired. 

This  gun  carries  8  cartridges  in  the  magazine  and  1  in  the  chamber. 

SYNOPSIS  OF  TESTS. 
July  9, 1878. 

The  safety-test  was  complied  with  by  Mr,  J.  Keene,  representing  the 
arm.    Time,  13  seconds. 

I. — Rapidity  with  accuracy. 

As  a  magazine-gun  34  shots  were  fired,  of  which  20  struck  the  target; 
2  cartridges  remained  in  the  magazine;  2  cartridges  missed  fire;  1 
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exploded  on  second  blow;  the  other  £a.Qed  on  second  and  third  trials; 
exi>loded  on  first  blow  in  Springfield  rifle. 

As  a  single-loader  44  shots  were  fired,  of  which  17  struck  the  target; 
1  cartridge  missed  fire ;  exploded  on  second  blow. 

n. — Rapidity  at  will. 

As  a  magazine-gun  10  shots  were  fired.  Eight  cartridges  remained 
in  the  magazine. 

As  a  single-loader  24  shots  were  fired.  One  cartridge  remained  in 
the  chamber.  The  exhibitor  stated  that  the  missfires  were  due  to  the 
blunt  point  of  the  firing-pin.  Permission  was  granted  him  by  the 
Board  to  sharpen  it. 

III. — Endurance* 

One  cartridge  missed  fire  on  4  blows ;  exploded  on  first  blow  in  Spring- 
field rifle ;  1  cartridge  missed  fire,  but  exploded  on  second  trial. 
Otherwise  gun  worked  smoothly  throughout. 

IV. — Defective  cartridges. 

Free  escape  of  gas  through  the  gas-vent  at  each  round.  At  last 
round  the  head  of  the  shell  was  burst  underneath  the  gas-escax>e. 

Y.—I)ust. 

After  the  first  dusting  it  was  found  that  cartridges  would  not  feed 
from  the  magazine.  This  was  due  to  the  fact  that  dust  had  so  entered 
as  to  prevent  the  cut-off  being  moved  out  of  the  way  by  the  bolt  on 
closing. 

The  piece  worked  satisfactorily  as  a  single-loader.  After  the  second 
dusting  the  same  trouble  with  the  cut-off  was  manifest. 

Two  cartridges  missed  fire  on  3  blows;  exploded  on  first  blow  in 
Springfield  rifle. 

Mr.  Keeue,  agent  for  the  gun,  stated  that  by  a  slight  filing  away  of 
8uri)lu8  metal  between  two  shoulders  on  the  cut-off,  in  order  to  make 
room  for  dust,  the  defect  observed  would  be  remedied.  The  Board 
permitted  this  to  be  done,  when  the  dust  test  was  repeated.  The  gun 
worked  well,  with  the  exception  that  one  cartridge  did  not  feed  up  until 
the  third  trial. 

Yl.—Rmt. 

tJuns  worked  well  throughout. 

VII. — Excessive  charges. 

Shell  binrst  underneath  gas-escape  at  each  round.  Otherwise  gun 
worked  satisfactorily. 

SITPPLEMENTABY  TESTS.      ^ 
Septembeb  4,  1878. 

Mean  time  of  firing  20  rounds  by  3  enlisted  men  of  the  armory  detach- 
ment, loading  from  the  cartridge-box,  with  the  exception  of  one  magazine 
full  previously  loaded,  2  minutes  29  seconds. 

Difficulty  was  experienced  in  getting  the  cartridges  to  feed  from  the 
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magazine,  the  marksmen  being  constantly  compelled  to  move  the  car- 
tridge-stop from  its  mouth. 

Of  the  60  cartridges  fired  47  hit  the  target,  6'  by  24',  100  yards  dis- 
tance; 15  hit  the  figure  of  a  man  at  the  center  of  target;  the  others 
were  near  it. 

Septembeb  17,  1878. 

I. — Dust. 

Decided  escape  of  gas  at  firing  of  all  defective  cartridges.  Gun 
worked  rather  stiffly.  The  cartridge-stop  had  to  be  pushed  back  by 
the  fingers,  the  cut-oflf  not  operating  it,  before  the  magazine  could  be 
loaded. 

September  21,  1878. 

U.—Bugt. 

Opened  with  comparative  ease.  Firing-pin  was  so  rusty  that  main- 
spring would  not  throw  it  forward  until  it  had  been  moved  back  and 
forth  many  times.  Bust  on  end  of  trigger-sear  and  on  fidl-cock  noUh 
prevented  pulling  off  of  the  trigger  without  use  of  a  rope.  Cartridges 
did  not  feed  up  from  magazine.  After  each  round  with  heavy  charges 
shell  was  cut  through  at  extractor.  The  head  in  three  cases  was  nearly 
cut  off,  due  to  the  rotating  of  the  extractor.  Heads  of  two  shells  blew 
off;  sliells  were  removed  by  means  of  headless  shell-extractor.  !No  oil 
was  used  during  test. 


Sharps  Rifle  Company's  Magrazine-Onni  Mo.  8. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed  by 
a  bolt,  by  direct  action^  and  in  which  the  lock  is  concealed. 

The  receiver,  shown  m  Fig.  1,  Plate  V,  has  a  slot  in  its  upi)er  surface 
for  the  purpose  of  loading  the  chamber  or  filling  the  magazine.  It  is 
bored  through  at  rear  for  the  reception  of  the  breech-bolt,  which  is  com- 
posed of  two  principal  parts,  viz :  The  body  and  the  locking-tube,  Figs. 
2  and  3.  The  bolt  is  locked  by  lugs.  A,  on  the  locking-tube,  turning 
in  corresponding  cuts  in  the  receiver.  The  l>olt  carries  on  its  upper  sur- 
face the  extractor.  Fig.  1,  which  is  of  the  ordinary  8i)ring-hook  pattern, 
and  in  its  axis  the  firmg-pin^hich  extends  the  whole  length  of  the  bolt 
The  spiral  form  of  the  face,  15,  of  the  locking-tube,  and  of  the  shoulder, 
C,  of  the  bolt,  is  such  as  to  cam  the  bolt  up  against  the  head  of  the  car- 
tridge when  the  bolt  is  locked. 

On  the  rear  face  of  the  locking-tube  are  two  spiral  surfaces,  F,  whfch 
bear  against  corresponding  surfaces,  G,  of  the  firing-pin.  The  unlocking 
of  the  bolt  cams  back  the  firing-pin  until  the  point  H,  Fig.  1,  passes  beyond 
the  nose  I,  of  the  sear,  \^^len  the  handle  is  turned  down  to  lock  the 
bolt,  the  firing-pin  spring  is  compressed  between  the  shoulders  J,  on 
the  pin,  and  the  nut  K,  on  the  extreme  rear  of  the  bolt.  On  withdxiiw- 
ing  the  nose  of  the  sear,  the  firing-pin,  under  the  influence  of  its  si>riug, 
moves  forward  and  explodes  the  cartridge. 

The  shell  is  ejected  by  the  ejector-pin  L,  Fig.  1,  which  strikes  against 
the  lever  M,  Fig.  1,  of  the  carrier,  when  the  bolt  is  withdrawn,  and 
is  driven  forwanl  against  the  lower  side  of  the  head  of  the  sheih 
while  the  extractor  is  pulling  on  the  upi^er.  The  firing-pin  spring  and 
rear  of  bolt  are  protected  by  a  thin  shell,  K.  The  bolt  is  prevented  from 
being  drawn  completely  out  of  the  receiver  by  the  lever  of  the  earner 
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and  by  a  key  striking  on  a  shonlder  on  the  upper  snrface  of  the  ex- 
tractor. 

The  magazine  is  in  tiie  tip-stock.  The  carrier  is  shown  at  O,  Pig.  1. 
When  the  breech-bolt  is  withdrawn  the  projection  P^  in  which  the 
ejector-pin  is  situated,  strikes  the  lever  M,  of  the  earner^  tipping  the 
latter  up  in  a  i)dsition  oblique  to  the  axis  of  the  bore,  bringing  the  point 
of  the  cartridge  nearly  opposite  the  center  of  the  chamber.  The  carrier 
is  held  in  this  i)osition  by  the  pin  and  spring  shown  at  Q.  When  the 
bolt  is  closed  the  cartridge  is  driven  in  the  chamber,  while  the  projec- 
tion R,  on  the  bolt,  strikes  the  lever,  causing  the  front  of  the  carrier  to 
descend  opposite  the  mouth  of  the  magazine  to  receive  another  cartridge. 

The  carrier  is  of  such  thickness  at  its  front  as  not  to  uncover  the  mag- 
azine-tube completely  when  the  former  rises.  Cartridges  are  thus  pre- 
vented from  escaping  from  the  magazine  except  when  the  carrier  is  in 
position  to  receive  them.  'So  magazine  cut-off  is  applied  to  this  gun; 
consequently,  it  can  only  be  used  as  a  single-loader  when  the  magazine 
is  empty.    No  wiping-rod  is  provided. 

As  a  magazine-gun,  3  motions  are  necessary  to  operate  it,  viz:  opened, 
closed,  fireil. 

As  a  single-loader,  4  motions  are  necessary,  ^'iz :  opened,  loaded,  closed, 
fired. 

This  gim  carries  9  cartridges  in  the  magazine,  1  in  the  carrier,  and  1 
in  the  chamber. 

SYNOPSIS  OP  TESTS. 

April  9,  1878. 

Tlie  safety -test  was  complied  with  by  Mr.  Borchardt,  representing  the 
gun.    Time,  15  seconds. 

I. — Rapidity  with  accuracy. 

As  a  magazine-gun,  20  shots  were  fired,  of  which  18  struck  the  target; 
7  ciirtridges  remained  in  the  magazine.  1  cartridge  was  forced  in 
obliquely,  the  bullet  striking  the  counter-bore  and  checking  the  breech- 
bolt. 

As  a  single-loader,  17  shots  were  fired,  of  which  15  struck  the  target. 
1  shell  fail^  to  extract;  1  cartridge  missed  fire,  due  to  the  fact  that  the 
trigger  was  pulled  before  the  bolt  was  locked.  Great  effort  was  neces- 
sary to  draw  back  the  breech-bolt,  owing  to  the  expansion  of  the  cop- 
per shells. 

II. — Rapidity  at  will. 

As  a  magazine-gun,  16  shots  were  fired ;  3  cartridges  remained  in  the 
magazine.  2  cartridges  missed  fire  from  the  cause  above  stated;  1  bullet 
was  upset  by  striking  against  the  counter-bore. 

As  a  single-loader.  12  shots  were  fired;  1  shell  failed  to  extract;  the 
next  cartridge  was  tnrown  out  unfired,  due  to  inability  to  enter  chamber, 
the  shell  being  still  in; 

The  bolt  was  blocked  and  progress  checked. 

UI. — Endurance, 

During  the  first  50  rounds,  5  shells  failed  to  extract  Cartridges  in 
each  case  were  rammed  up  against  the  shell  in  the  chamber,  checking  the 
motion  of  the  bolt.    The  exhibitor  stated  that  in  preparing  his  gun  the 
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Union  Metallic  Cartridge  Company's  cartridges  bad  been  used  for  trial, 
and  that  the  gun  worked  satisfactorily  witb  tbem.  Some  of  tbis  manu- 
facture were  then  obtained,  when  it  was  found  that  they  gauged  so  irreg- 
ularly in  the  diameter  of  the  head  that  but  few  would  enter  the  maga- 
zine-tube. 13,  however,  were  fired.  20  Lowell  cartridges  were  then 
fired;  they  worked  satisfactorily.  The  second  50  was  completed  with 
the  service-cartridge.  Shortly  after  beginning  the  third  50,  2  shells 
failed  to  extract.  The  exhibitor  proposed  a  slight  filing  of  the  extractor, 
to  which  the  Board  assented.  It  wa«  found  afberwai^  that  it  did  not 
extract  at  all.  At  the  end  of  the  125th  shot  the  Board  discontinued  the 
test  for  further  correction  of  the  extractor. 

April  10,  1878. 

Seventy-five  rounds  were  fired.  The  cartridges  were  Frankford  ar- 
senal manufacture.  They,  as  well  as  the  copper-case  cartridges  pre- 
viously fired,  had  been  in  the  Metcalfe  blocks  until  they  had  become 
much  corroded;  they  stuck  in  the  chamber,  requiring  great  effort  to 
withdraw  them.  17  shells  failed  to  extract.  1  cartridge  jarred  partly 
out  of  the  magazine  into  the  carrier,  checking  the  action  of  the  bolt.  The 
exhibitor  then  asked  for  and  obtained  permission  to  withdraw  the  gun. 


Sharps  Rifle  Company's  ]!Iagazlne*Onn,  Mo.  5. 

(Differs  from  No.  3  only  in  the  form  of  the  extractor.) 

April  15,  1878. 
Safety-test  complied  with  by  Mr.  Borchardt.    Time,  27  seconds. 

I. — Rapidity  with  accuracy. 

As  a  magazine-gun  18  shots  were  fired ;  aU  struck  the  target.  1  car- 
tridge missed  fire,  due  to  the  fact  that  the  trigger  was  pulled  before  the 
bolt  was  fiilly  locked.  1  cartridge  remained  in  the  magazine.  2  cartridges 
were  not  forced  fully  back  into  the  carrier  by  the  magazine-spring ;  the 
carrier  was  prevented  from  rising  and  the  action  of  the  breech-bolt 
checked. 

As  a  single-loader,  26  shots  were  fired ;  all  struck  the  target.  Bolt 
worked  with  great  difficulty  throughout  the  test. 

The  cartridges  were  the  copper-case,  just  received  from  Frankford 
arsenal. 

II. — Rapidity  at  will. 

As  a  magazine-gun,  10  shots  were  fired.  Ten  cartridges  remained  in 
the  magazine. 

As  a  single-loader,  12  shots  were  fired.  One  cartridge  remained  in 
the  chamber.  One  cartridge  was  tlirown  out  unfired,  due  to  the  cause 
stated  under  test  I.  The  bolt  had  to  be  withdrawn  hy  striking  its  handle 
against  a  table. 

in. — Endurance, 

m 

Thirty-six  shots  were  fired,  the  bolt  working  with  great  diflSculty. 
The  exhibitor  then  asked  for  and  obtained  permission  to  withdraw  the 
gnu. 
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Sharps  Rifle  Company's  ntagazine-Onn*  No.  8. 

(Difters  fix)m  No.  5  in  having  a  projection,  D  [Plate  V],  on  the  extraetor, 
which^  by  working  in  a  spiral  groove,  E,  in  that  portion  of  breech-bolt 
to  which  the  han(Ue  is  attached,  cams  back  the  extractor  as  the  bolt  is 
unlocked,  starting  the  empty  shell  before  the  withdrawal  of  the  bolt 
begins.) 

April  22, 1878. 

Safety  test  was  complied  with  by  Mr.  Gunn,  marksman  at  the  Sharps 
armory.    Time,  15  seconds. 

One  cartridge  was  thrown  out  unflred,  due  to  the  trigger  being  pulled 
before  the  bolt  was  fully  locked.  The  exhibitor,  desiring  to  show  that 
this  time  could  be  diminished,  made  two  attempts.  The  first  was  com- 
X)leted  in  22  seconds,  and  the  second  in  16  seconds.  In  each  case  time 
was  lost  by  cartridge  striking  on  counterbore,  stopping  the  breech-bolt. 

I. — Rapidity  with  accuraey. 

As  a  magazine-gun,  27  shots  were  fired  ^  24  struck  the  target ;  6  car 
tridsres  remained  in  the  magazine. 

J  a  single-loader,  41  shots  were  fired,  of  which  33  struck  the  target. 
In  addition,  1  cartridge  was  thrown  out  unfired,  due  to  cause  already 
stated. 

II. — Rapidity  at  will. 

As  a  magazine-gun,  21  shots  were  fired ;  4  cartridges  remained  in 
the  magazine. 
As  a  single-loader,  26  shots  were  fired. 

in. — Ihidurance, 

Gun  worked  satisfactorily  throughout  the  test. 

IV. — Defective  cartridges. 

At  first  fire,  moderate  escape  of  gas ;  paper  somewhat  torn.  At  sec- 
ond fire,  decided  escape  of  gas ;  paper  much  torn.  At  third  fire,  no 
escape  of  any  moment.  Breech  mechanism  somewhat  fouled,  (inn 
worked  well  at  close  of  test. 

Y.—Dust 

Gun  worked  well  throughout  test. 

Apml  25, 1878. 
YI.— Rust. 

Tlie  gun  ha>ing  been  dipped  in  sal-ammoniac  and  exposed  the  pre- 
scribed period,  was  examined  and  found  to  be  badly  rusted.  The  breech- 
bolt  worked  freely  during  the  firing. 

VII. — Excessive  charges. 

Gun  worked  well  throughout  test.  The  gun  was  then  cleaned  and 
set  a«ide  for  further  action  of  the  board. 
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SXTPPLEMENTART  TEST. 

September  4, 1878. 

Meau  time  of  firing  20  rounds  by  3  enlisted  men  of  the  armory  detach- 
ment, loading  from  the  cartridge-box,  with  the  exception  of  cue  maga- 
zme  full,  previously  loaded,  2  minutes,  34  seconds. 

Of  the  60  cartridges  fired  38  hit  the  target-^'  by  24'— 100  yards  dis- 
tance; 11  hit  the  figure  of  a  man  at  center  of  target  j  the  otiiers  were 
near  it. 

September  17, 1878. 

I. — Dust 

Considerable  escape  of  gas  at  firing  of  defective  cartridgjes.  Aftei 
second  dusting  extractor  failed  to  draw  one  shell  on  first  triaL  Some 
little  difficulty  was  experienced  in  working  the  gun.  Cartridges  did  not 
feed  perfectly  owing  to  sticking  of  the  cartridge-follower. 

September  21, 1878. 

II. — Rv>8t, 

Coidd  not  be  opened  without  pounding  on  bolt  with  lead  hammer- 
The  bolt  had  to  be  driven  back  and  forth  with  the  hammer  after  each 
round.    No  oil  was  used  during  the  test. 


Franklin  ]!Iagrazlne-Oun«  No.  1. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt,  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  receiver.  Figs.  1  and  3,  Plate  VI,  has  a  vertical  slot  cut  entirely 
•through  it  for  the  purpose  of  receiving  cartridges  from  above  and  afford- 
ing egress  to  the  empty  shells  below.  It  h^  also  a  longitudinal  slot 
tbrough  which  the  handle  on  the  breech-bolt  slides,  with  a  side  cut  at 
the  front  end  of  the  slot  for  the  reception  of  the  handle  when  the  bolt  is 
locked. 

The  breech-bolt,  Fig.  6,  is  composed  of  three  parts,  viz:  the  locking- 
tube  A,  the  bolt-head  B,  and  the  cocking-piece  C.  To  the  latter  of  the*^» 
the  firing-pin.  Fig.  8,  which  extends  the  whole  length  of  the  breech-bolt, 
is  secured  by  a  screw.  The  bolt-head,  which  supports  the  cartridge  at 
the  instant  of  fire,  is  secured  to  the  locking-tube  by  a  pin  at  right  angles 
to  its  axis.  The  firing-pin  spring,  which  is  held  between  the  shoulder 
on  the  front  of  the  firing-pin  and  that  at  the  bottom  of  the  locking-tul)e, 
8er\^es  by  its  tension  to  hold  in  contact  the  locking-tube  and  cocking- 
l>iece. 

By  means  of  the  8x>iral  surfaces  of  the  projection  D,  Fig.  8,  on  the 
cocking-piece,  and  a  corresponding  recess  on  the  locking-tube,  the  cock- 
ing-piece is  cammed  back,  withdrawing  the  point  of  the  firing-pin  within 
the  face  of  the  bolt-head,  when  the  piece  is  unlocked.  Accidental  exi)lo- 
sions  are  thus  avoided  m  closing  the  bolt.  The  form  of  the  cut  in  the 
receiver  at  E,  Fig.  1,  is  such  as  to  cam  back  the  liandle,  and  with  it  the 
bolt,  during  the  unlocking,  starting  the  empty  shell.  Tms  is  a  necessan- 
feature  of  all  bolt-guns  which  are  intended  to  fire  copper-case  cartridges. 
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The  breech-bolt  is  prevented  from  being  pulled  completely  out  by  the 
nose  of  the  sear  F,  Fig.  2^  striking  on  the  bolt-head. 

The  magazine,  which  is  a  metallic  tube,  lies  on  top  of  the  barrel. 
The  magazine  stop-spring  is  fastened  at  its  rear  to  the  lever  G,  Fig.  1. 
Its  front  is  inclined  to  the  axis  of  the  receiver  as  shown  at  L,  Fig.  5. 

When  the  handle  is  turned  so  as  to  unlock  the  breech-bolt,  a  lever,  H, 
Figs.  4  and  10,  one  extremity  of  which  enters  the  groove  I,  Fig.  6,  while 
the  other  is  connected  with  the  magazine  stop-spring  and  its  lever  G, 
Fig.  1,  is  so  moved  as  to  cause  the  stop-spring  to  move  forward,  when 
its  inclined  front  springs  through  an  opening  in  the  side  of  the  receiver 
and  partially  covers  the  mouth  of  the  magazine,  preventing  escape  of 
cartridges.  When  the  breech-bolt  is  returned  to  its  locking  position  the 
stop-spring  is  returned  to  its  first  position  by  means  of  the  spring  J, 
Fig.  1,  operating  its  lever;  at  the  same  time  the  inclined  face  of  the  stop- 
spring  bearing  on  the  side  of  the  cut  in  the  receiver  is  pressed  out  of 
the  way,  and  a  cartridge  issues  from  the  magazine  into  the  space  above 
the  breech-bolt. 

It  follows,  therefore,  that  a  cartridge  always  occupies  the  space  above 
the  breech-bolt  when  the  piece  is  locked,  provided  the  magazine  has 
been  previously  Med.  When  the  bolt  is  withdrawn  this  cartridge, 
under  the  influence  of  gravity  alone,  faUs  into  a  position  in  line  with  the 
axis  of  the  bore.  The  bullet  is  supported  by  a  shelf  in  rear  of  the  cham- 
ber. 

The  base  of  the  cartridge  is  prevented  from  falling  below  the  line  of 
the  axis  of  the  bore  by  the  shai)e  of  the  slot  in  the  receiver,  which  is 
only  wide  enough  for  t^e  shell  to  fall  through  when  its  head  is  behind 
the  extractor.  This  condition  only  obtains  when  the  shell  is  being  with- 
drawn. 

When  the  bolt  is  returned  the  cartridge  is  forced  into  the  chamber 
and  another  one  enters  the  space  above  the  breech-bolt. 

A  lid  covers  the  opening  at  top  of  the  receiver. 

A  catch  on  the  lever  H,  Fig.  4,  serves  to  keep  the  lid  closed  except 
when  the  breech-bolt  is  unlocked.  If  the  lid  be  raised  during  that  time, 
a  shoulder,  M,  Fig.  1,  on  its  interior  bearing  against  the  lever  H,  prevents 
the  stop-spring  returning  to  its  original  position.  The  lid  remaining 
open,  the  piece  may  be  IcMuled  and  fired  as  a  single-loader. 

No  ejector  is  required  with  this  gun,  gravity  again  being  called  on  to 
effect  the  fall  of  the  empty  shell  tlirough  the  opening  K,  Fig.  3,  to  the 
ground.  As  a  magazine-gun^  3  motions  are  necessary  to  operate,  viz : 
oi)ened,  closed,  fired.  As  a  smgle-loader,  4  motions  are  necessary,  viz : 
opened,  loaded,  closed,  fired. 

This  gun  carries  10  cartridges  in  the  magazine,  1  in  the  space  above 
the  breech-bolt,  and  1  in  the  chamber. 

SYNOPSIS  OF   TESTS. 
April  4,  1878. 

The  safety-test  was  complied  with  by  Mr.  Whitney,  representing  the 
arm,  the  magazine  being  filled  before  commencing  the  test.  Time,  27 
seconds. 

.  I. — Bapidity  toith  odHfurcicy* 

As  a  magazine-gun,  21  shots  were  fired,  of  which  17  struck  the  target. 
7  cartridges  remained  in  the  magazine.  2  cartridges  fell  through  the 
opening  to  the  groimd  unfired,  first  catching  and  holding  the  breech- 
bolt. 
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As  a  single-loader,  29  shots  were  fired,  of  which  27  struck  the  target 

At  the  end  of  this  test  the  marksman  api)eared  much  fatigued  firm 

holding  a  gun  weighted  with  a  magazine  parallel  to  the  barrel;  his 

hand  was  wounded  by  the  sharp  comers  on  the  lid,  as  was  also  Mr. 

Whitney's  after  the  safety  test. 

11. — Bajndity  at  tcilL 

As  a  magazine-gun,  18  shots  were  fired ;  2  cartridges  remained  in  the 
magazine. 
As  a  single-loader,  21  shots  were  fired. 

m. — Endurance. 

At  the  end  of  50  rounds  shoulder  on  lid  showed  considerable  wear,  as 
did  also  the  side  of  the  breech-bolt  handle.  One  shell  failed  to  extract; 
several  cartridges  fell  through  to  the  ground  before  it  was  discovexeti; 
the  shell  was  then  driven  out  with  a  ramrod.  At  the  end  of  100  rounds 
the  wear  of  lid  was  much  increased.  Bolt  and  lid  worked  stiffly.  At 
end  of  150  rounds  the  same  trouble  was  manifest.  At  end  of  200  rounds 
worked  with  great  difficulty.  Pivot-screw  to  lid-catch  was  found  partly 
unscrewed.  At  end  of  250  rounds  the  front  and  rear  fiances  of  breech- 
bolt  handle  showed  much  wear.  Bolt  worked  exceedingly  hard.  At 
end  of  270  rounds  bolt  worked  with  such  great  difficulty  as  to  i>racti- 
cally  render  the  gun  unserviceable.  It  being  near  six  o'clock  the  te^^t 
was  suspended  for  the  day. 

Gun  withdrawn  without  further  test. 


Wafd-Biirton  JIEag^azine-Oan,  No.  9. 

(Made  at  the  National  Armory  in  1873.) 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt,  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  breech-bolt  is  essentially  a  tube  closed  at  the  rear  by  the  solid 
I>ortion  of  which  the  handle  forms  a  part.  Fig.  2,  Plate  VIL  and  temii- 
nated  at  front  by  a  bolt-head.  Fig.  3,  the  top  of  which  extends  the  whole 
length  of  the  breech-bolt.  The  bolt-head  carries  the  extractor,  which 
.is  of  the  ordinary  spring-hook  pattern,  and  supports  the  cartridge  at 
the  instant  of  fire.  The  breech-bolt  has  a  slot.  A,  on  it«  lower  surface, 
extending  about  two-thirds  its  length,  parallel  with  its  axis;  at  the  rear 
the  slot  turns  at  right  angles  to  the  axis  and  extends  about  one-quarter 
the  way  around  the  tube.    This  slot  receives  the  sear. 

The  firing-pin.  Fig.  4,  is  hollowed  out  at  its  rear  end  for  the  reception 
of  the  firing-pin  spring.  On  the  pin  is  a  cam,  B,  which,  by  bearing  on 
an  incline,  C,  on  the  bolt-head,  retracts  the  pin,  preventing  it  from  com- 
ing in  contact  with  the  cartridge  unless  the  piece  be  locked.  On  the 
rear  of  the  pin  is  also  a  lug,  D,  which,  fitting  in  a  groove  on  the  inner 
surface  of  the  breech-bolt,  compels  the  pin  to  rotate  when  the  breech- 
bolt  handle  is  turned,  thus  causing  the  cam  on  the  pin  to  oi)erate.  The 
ejector,  B,  passes  through  the  bolt-head  below  the  firing-pin.  The  rear 
end  of  the  ejector  is  struck  by  the  sear  when  the  breech-bolt  is  with- 
drawn, and  (Iriven  against  the  lower  portion  of  the  head  of  the  cartridge, 
while  the  extractor  is  pulling  on  the  ui)i)er.    The  combined  effect  is  to 


BEPORT  OF  THE  CHIEF  OF  OEDNAKOE.         491 

throw  out  the  empty  shell.  The  receiver  has  a  female-screw-thread  on 
its  inner  rear  surflBbce,  alternate  sixths  of  which  are  cut  away.  The 
breech-bolt  has  a  corresiwnding  thread,  F,  Fig.  2,  cut  away  in  a  similar 
manner.  The  breech-bolt  is  locked,  after  being  pushed  forward  to  'its 
seat,  by  simply  turning  down  the  handle  when  the  portion  of  the  thread 
remaining  on  the  bolt  enters  that  remaining  in  the  receiver.  The 
thread  being  right-handed  forces  the  bolt  weU  up  to  the  base  of  the 
cartridge,  when  the  piece  is  locked;  the  reverse  operation  starts  the 
empty  shell,  when  it  may  be  easily  withdrawn. 

The  piece  is  cocked  by  withdrawing  the  breech-bolt  and  then  return- 
ing it  to  position.  When  withdrawn  the  end  of  the  sear  passes  over 
the  shoulder,  G,  on  the  firing-pin.  When  the  bolt  is  closed  the  firing- 
pin,  held  back  by  the  sear,  compresses  the  firing-pin  spring.  When  the 
piece  is  cocked  the  end  oi  the  sear  is  in  the  groove  A,  in  the  breech- 
bolt.  By  pressing  on  the  trigger  the  sear  is  lifted  from  the  groove,  and 
the  firing.pin,  impelled  by  its  spring,  explodes  the  cartridge. 

The  magazine-tube  is  in  the  tip-stock. 

The  carrier  is  shown  at  H,  Fig.  1.  When  the  breech-bolt  is  with- 
drawn the  front  end  of  the  slot  in  its  lower  surface  strikes  on  the  lever 
I  of  the  carrier,  tipping  the  latter  up  in  a  position  oblique  to  the  axis 
of  the  bore.  The  point  of  the  cartridge  is  thus  brought  opposite  the 
center  of  the  chamber.  The  carrier  is  held  in  position  by  a  spring. 
When  the  bolt  is  closed  the  cartridge  is  driven  into  the  chamber  while 
the  rear  end  of  the  slot  in  the  breech-bolt  strikes  against  the  lever, 
causing  the  fi*ont  of  the  carrier  to  descend  opposite  the  mouth  of  the 
magazine.  As  the  carrier  descends  its  lower  front  end  strikes  a  stop- 
spring,  J,  Fig.  1 — ^whose  fdnction  is  to  prevent  the  cartridges  escaping 
from  the  tube — ^presses  it  back,  and  permits  one  cartridge  to  enter. 

The  magazine  is  loaded  from  below  by  first  withdrawing  the  breech - 
bolt  so  as  to  lift  the  carrier  from  the  end  of  the  magazine. 

A  magazine  cut-off  enables  the  piece  to  be  used  as  a  single-loader. 

As  a  magazine-gun,  3  motions  are  required  to  operate  it,  viz :  opened, 
closed,  fired. 

As  a  single-loader,  4  motions  are  required,  viz:  oi)ened,  loaded, 
closed,  fired. 

This  gun  carries  7  cartridges  in  the  magazine  and  1  in  the  chamber. 

SYNOPSIS  OF  TESTS. 
April  8,  1878. 

Safety  and  rapidity  test 

An  attempt  was  made  to  comply  with  this  test,  but  after  two  shots 
the  breech-bolt  refused  to  open.  After  some  delay  it  was  opened  and 
an  examination  made,  but  the  cause  of  the  difficulty  could  not  be  ascer- 
tained. The  test  was  resumed  when  it  was  discovered  that  the  maga- 
zine stop-spring  failed  to  prevent  the  cartridges  from  slipping  partially 
out  below  the  carrier,  which  could  not  then  descend  into  position.  The 
frun  was  dismounted  and  examined  and  all  parts  found  to  be  sound. 
On  being  assembled  it  was  again  tried  but  failed  not  only  from  the 
cause  alK)ve  stated,  but  from  cartridges  being  forced  in  obliquely  to  the 
axis  of  the  barrel,  causing  them  to  bind  and  prevent  the  breech-block 
being  closed.  Further  tests  were  then  discontinued  and  the  gun  put  in 
the  hands  of  the  maker,  who  pronounced  it  complete  as  originally  made. 

April  9,  1878. 

This  gun,  tried  with  Union  Metallic  Cartridge  Company's  cartridges, 
failed  to  operate  precisely  as  before  stated.    It  was  then  withdrawn. 
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Burton  Maffazine-Onn,  No.  11. 

In  principle  this  gun  does  not  diflFer  from  the  Ward-Burton  Xa  2, 
akeady  described.  The  points  of  difference  in  construction  are  as  fol- 
loTTs:  The  joint  between  the  body  of  the  bolt  and  its  head  is  transfeiTed 
in  this  gun  to  the  rear,  so  that  the  body  of  the  bolt.  Fig.  2,  Plate  VIII, 
takes  the  place  of  the  head,  while  the  rear  portion,  Fig.  3,  serves  simply 
to  lock  it.  As  the  body  of  the  bolt  does  not  rotate,  the  sear-bolt  i^ot  at 
right  angles  to  its  axis  is  dispensed  with,  giving,  it  is  claiiued,  a  stronger 
bolt. 

The  extractor  A,  Fig.  1,  though  called  a  lever  extractor,  is  a  spris^ 
hook  pinned  to  the  bolt  near  its  front.  The  rear  of  the  extra(^r  b 
thickened  so  as  to  bear  against  the  cam  B,  on  the  firing-pin,  which  prb- 
vents  the  descent  of  its  rear  with  the  corresponding  rise  of  its  frout 
In  withdrawing  a  shell  the  spring  can  only  be  from  the  front  x>ortioQ 
alone.  The  trigger-spring  C  serves  also  to  hold  the  carrier  in  }}h4x. 
The  carrier  is  composed  of  two  principal  parts,  D  and  E,  separate^l  at 
fit)nt  by  a  flat  springy  F.  The  lower  portion,  which  is  pivoted  at  itfi  rear 
to  the  upper,  has  on  its  front  a  sort  of  finger,  G,  which  may  be  made  to 
pass  through  a  slot  in  the  upi)er  portion  so  as  to  project  partly  ai^iust} 
the  mouth  of  the  magazine,  cutting  off  the  escape  of  cartridges  by  sim- 
ply turning  a  set-screw,  IL  in  rear  of  the  pivot.  The  motions  are  the 
same  as  in  Ward-Burton  No.  2. 

This  gun  carries  8  cartridges  in  the  magazine  and  1  in  the  chamber. 

SYNOPSIS  OP  TESTS. 
JUNB  20,  1878. 

The  safety  test  was  complied  with  by  Mr.  B.  T.  Hare,  armory  marks- 
man.   Time,  28  seconds. 

I. — Rapidity  with  (iccuraey. 

As  a  magazine-gun  29  shots  were  fired,  of  which  18  struck  the  targret; 
5  c  a'Lriuj;*.o  leiiiaiiiea  in  the  magazine. 
As  a  single-loader  33  shots  were  fired,  of  which  27  struck  the  target 

II. — Rapidity  at  will. 

As  a  magazine-gun  16  shots  were  fired;  2  cartridges  remained  in  the 
magazine. 

As  a  single-loader,  18  shots  were  fired. 

During  these  tests  the  carrier  failed  twice  to  come  folly  up  with  car- 
tridges, miss-fires  being  the  result. 

The  bullets  of  3  cartridges  struck  against  the  rear  of  the  chamber, 
stopping  the  breech-bolt. 

UL-^Endurance. 

Ten  rounds  were  fired.  It  was  found  that  the  carrier  would  not  brinjr 
the  cartridges  up  in  line  with  the  axis  of  the  bore.  The  Board  then  dis- 
continued the  test.    The  exhibitor,  on  being  notified,  withdrew  the  gon. 
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Mjee  Mag^azine-Gun,  No.  35. 

Withdrawn  before  drawings  and  detailed  description  could  be  pre- 
pared. 

It  may  be  stated,  however,  that  it  belongs  to  the  class  of  bolt-guns  in 
which  the  bolt  is  operated  by  direct  action  and  in  which  the  lock  is 
concealed. 

The  peculiarity  consists  in  the  application  of  a  magazine,  either  fixed 
or  detachable,  below  the  receiver,  just  in  front  of  the  guard. 

The  rear  bottom  portion  of  the  receiver  is  cut  away  in  order  that  the 
cartridges  may  enter  from  below.  The  latter  are  fed  up  by  springs  at 
the  bottom  of  the  magazines,  retaining  their  parallelism  with  the  bolt 
until  they  come  in  line  with  tne  axis  of  the  bore  when  they  are  forced 
by  the  bolt  in  the  chamber.  Each  magazine  carries  6  cartridges ;  when 
detachable  they  are  cheaply  made  and  may  be  thrown  away  after  the 
cartridges  are  fired. 

When  the  magazine  is  detached  the  gun  is  simply  an  ordinary  single- 
loader. 

The  empty  magazine  may  be  removed  and  a  full  one  attached  with 
great  rapidity. 

As  a  magazine-gun  3  motions  are  necessary  to  operate  it,  viz:  opened, 
closed,  fired. 

As  a  single-loader  4  motions  are  necessary,  viz:  opened,  loaded, 
closed,  fired. 

This  gun  carries  5  cartridges  in  the  magazine  and  1  in  the  chamber. 

This  gun  was  not  tested. 


BREECH-LOADING  SMALL-ARMS  HAVING  A  FIXED  CHAMBER  CLOSED  BY 
A  MOVABLE  BREECH-BLOCK  WHICH  SLIDES  IN  THE  LINE  OF  THE 
BARREL  BY  DIRECT  ACTION,  /.  K,  BOLT-GUNS  WHICH  HAVE— 

1.— CENTER  LOCKS. 

Hunt. 


Hunt  ]9Iaiirii3Eine-Oan«  No.  4. 

This  gun  belongs  to  that  system  in  which  a  fixed  chaml)er  is  closed 
by  a  bolt,  by  direct  action.  The  receiver,  Figs.  1  and  2,  Plate  IX,  has 
a  slot  in  its  upper  surface  for  the  purpose  of  loading  the  chamber  direct 
when  the  piece  is  used  as  a  single-loader :  it  is  also  bored  through  at 
rear  for  the  reception  of  the  breech-bolt.  Tlie  latter  is  composed  of  two 
l)arta,  the  body  and  the  locking-tube,  which  are  connected  by  a  left- 
hand  screw-thread.  The  bolt  is  locked  by  two  lugs,  B,  Figs.  6  and  7, 
turning  in  corresponding  cuts  in  the  receiver.  Tliese  lugs  are  so  shaped 
on  their  rear  surfaces  as  to  cam  the  bolt  against  the  base  of  the  cart- 
ridge during  the  locking.  A  cam,  C,  Fig.  6,  on  the  inner  surface  of  the 
rear  end  of  the  locking-tube  forces  the  bolt  slightly  to  the  rear,  starting 
tlie  shell,  diudng  the  unlocking.  The  opening  of  the  joint  in  the  breech- 
bolt  (the  thread  being  left-handed)  during  the  locking  aids  in  the  cam- 
ming forward  of  the  bolt,  while  the  closing,  by  drawing  the  forward 
I)ortion  to  the  rear,  aids  the  starting  of  the  sheU.  When  the  bolt  is 
withdrawn  the  extractor,  which  is  of  the  spring-hook  pattern,  pulls  on 
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the  upper  side  of  the  head  of  the  shell  while  the  under  side  strite 
against  the  forked  post  A,  Figs.  1  and  5.  By  this  means  the  shell  is 
thrown  clear  of  the  gim.  In  order  to  insure  titie  ejection  of  the  shell  a 
quick  motion  of  the  bolt  is  necessary.  The  forked  x)ost  acts  ^so  as  i 
guide  for  the  breech-bolt. 

A  slot,  D,  Fig.  6,  in  the  rear  of  the  bolt  receives  the  nose  of  the  ham- 
mer, allowing  it  to  strike  the  firing-pin  only  when  the  piece  is  locked.  A 
slide,  B,  Fig.  1,  prevents  the  hammer  being  pulled  back  by  catching  of 
clothing,  &c.  It  must  be  moved  back  before  the  hammer  can  b©  coekt?il. 
The  magazine,  which  is  in  the  tip-stock,  is  loaded  from  the  side  of  tbe 
receiver,  or  from  underneath,  by  first  raising  the  carrier  by  the  withdrawal 
of  the  breech-bolt.  The  carrier.  Fig.  3,  has  two  grooves,  A,  one  oa 
each  side,  on  its  inner  surface.  In  these  grooves  projections  A,  Fig.  (I 
on  the  breech-bolt  enter.  As  the  bolt  is  withdrawn  the  projections  travel 
in  the  upper  horizontal  portion  of  the  grooves  until  they  reach  the 
inclined  faces  B,  when,  by  the  pressure  against  them,  the  carrier  is  com- 
pelled to  rise,  bringing  a  cartridge  opposite  the  chamber.  When  the 
bolt  is  returned,  the  projections  travel  in  the  lower  horizontal  portion  of 
the  grooves  until  they  reach  the  inclined  faces  C,  when  the  carrier 
descends  opposite  the  mouth  of  the  magazine  to  receive  another  cart- 
ridge. In  rising,  the  carrier  never  completely  uncovers  the  magazine, 
so  that  cartridges  cannot  escape  until  it  is  in  position  to  receive  them. 
STo  magazine  cut-off  is  provided. 

As  a  magazine-gun  4  motions  are  necessary  to  operate  it,  viz :  cocked, 
opened,  closed,  fired. 

As  a  single-loader  5  motions  are  necessary,  viz:  cocked,  opened,  loade<L 
closed,  fired.  The  gun  presented^  cal.  0".44,  carries  13  cartridges  in  the 
magazine,  1  in  the  carrier,  and  1  m  the  chamber. 

This  gun  not  being  of  the  prescribed  caliber,  was  not  tested  by  the 
Board. 


BREECH-LOADING  SMALL-ARMS  HAVING  A  FIXED  CHAMBER  CLOSED  BY 
A  MOVABLE  BREECH-BLOCK,  WHICH  SLIDES  IN  THE  LINE  OP  THE 
BARREL  BY  INDIRECT  ACTION,  /.  jE.,  MOVED  BY  LEVERS  FROM— 

9.~BEL0W. 

Winchester. 

Burgess. 

Tiesing. 


Winchester  maipaziiie-Gaiiy  No.  18. 

This  gnn  belongs  to  that  system  in  which  a  fixed  chamber  is  closed  by 
a  bolt,  sliding  in  line  with  the  axis  of  the  barrel,  and  operated  by  a  lever 
from  below. 

The  receiver,  Figs.  1  and  2,  Plate  X,  is  divided  by  a  vertical  partition, 
A,  in  two  parts. 

The  carrier  occupies  the  front  portion,  while  the  rear  contains,  with  the 
exception  of  the  breech-bolt  lever,  the  mechanism  necessary  to  operate 
both  breech-bolt  and  carrier. 

The  breech-bolt.  Figs.  3,  4,  and  5,  is  a  single  piece,  at  the  upper  front 
end  of  which  is  the  extractor  (of  the  spring-hook  x>attem),  pinned  to 
it,  and  at  its  rear  a  mass  of  metal  which  supports,  at  either  side,  the 
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front  end  of  one  of  two  side-links,  B  and  C,  Fig.  1,  which  form  a  knuckle- 
joint.  The  rear  ends  of  the  other  links  bear  against  the  rear  of  the  re- 
ceiver, giving  the  necessary  support  for  the  bolt  in  firing.  The  outer 
ends  of  the  hnks  are  pivot^  to  the  bolt  and  receiver,  but  the  construc- 
tion is  such  that  no  stoin  comes  on  the  pivots.  A  groove,  D,  Fig.  1,  on 
the  inside  of  each  rear  Unk,  receives  the  end  of  a  strong  pin  on  the 
breech-bolt  lever.  Motion  of  the  lever  consequently  produces  a  corre- 
sponding motion  of  the  links,  and  through  them  of  the  bolt. 

The  firing-pin  extends  the  whole  length  of  the  receiver.  Its  point  is 
retracted  within  the  face  of  the  bolt,  when  the  bolt  is  drawn  back,  by  a 
small  lever,  E,  Fig.  1,  one  end  of  which  enters  a  recess  in  the  pin,  while 
the  other  strikes  against  the  pin  F,  Fig.  2,  causing  the  lever  to  rotate 
about  the  pivot  through  the  front  end  of  the  links  attached  to  the  breech- 
bolt.  A  flat  spring — not  shown  in  the  figures — ^bearing  against  the  sur- 
face of  the  breech-bolt  lever  holds  it  in  i)lace. 

The  hammer  is  cocked  by  the  end  of  the  firing-pin  when  the  breech- 
bolt  lever  is  thrown  forward. 

The  piece  is  fired  by  a  center  lock  of  the  usual  pattern.  A  safety  de- 
vice or  sear  prevents  the  pulling  of  the  trigger  when  the  piece  is  un- 
locked. When  the  breech-bolt  lever  is  closed,  it  strikes  the  pin  K  pro- 
jecting from  the  under  side  of  the  sear,  and  removes  it  from  the  safety 
position.  Shells  are  ejected  by  the  carrier,  which,  rising  as  they  are 
being  withdrawn,  strikes  them  at  a  distance  of  about  one-third  their 
length  from  the  rear,  and  rotates  them  about  the  extractor,  throwing 
them  clear  of  the  gun. 

The  magazine  is  in  the  tip-stock.  It  is  loaded  through  a  gate  in  the 
side  cover  of  the  receiver,  as  is  also  the  piece  when  used  as  a  single- 
loader.  The  carrier  is  moved  at  right  angles  to  the  axis  of  the  barrel  by 
its  lever  G,  Figs.  1  and  2.  This  lever  is  thrown  up  by  the  shoulder  H 
of  the  breech-bolt  lever  striking  its  tinder  surface  when  the  latter  is 
thrown  open.  The  carrier-lever  is  depressed  in  a  similar  manner  when 
the  breech-bolt  lever  is  closed,  by  the  latter  bearing  on  a  shoulder  on  its 
upper  surface. 

The  spring  J  holds  the  lever  and  carrier  in  either  position,  Figs.  1 
and  2.  In  rising,  the  carrier  does  not  completely  uncover  the  mouth  of 
the  magazine  j  cartridges  cannot  therefore  escape  below  it. 

!No  magazine  cut-off  is  provided. 

As  a  magazine-gun,  3  motions  are  necessary  to  operate  it,  viz :  opened, 
closed,  fired. 

As  a  single-loader,  4  motions  are  necessary,  viz :  opened,  loaded,  closed, 
fired. 

The  motions  of  opening  and  closing  might  perhaps  be  classed  as  a 
single  motion,  being  continuous,  the  hand  not  being  removed  from  the 
lever. 

This  gun  carries  9  cartridges  in  the  magazine,  1  in  the  carrier,  and  1 
in  the  chamber. 

SYNOPSIS  OP  TESTS. 

June  18,  1878. 

The  safety  test  was  complied  with  by  Mr.  Sweeny,  representing  the 
gun.    Time,  6  seconds. 

I. — Sapidity  trith  cuxuraxsy* 

As  a  magazine-gun  35  shots  were  fired,  of  which  22  struck  the  target 
Eight  cartridges  remained  in  the  magazine.  As  a  single-loader  30  shots 
were  fired,  of  which  24  struck  the  target. 
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n. — Rapidity  at  mlL 

As  a  magazine-gun  28  shots  were  fired.  Two  cartridges  remained  in 
the  magazine. 

As  a  single-loader  23  shots  were  fired.  One  cartridge  remained  in  the 
chamber. 

in. — Endurance. 

Gun  worked  well  throughout  test.    Extractor  failed  to  draw  one  shell 

rV. — Defective  cartridges. 

Decided  escape  of  gas  at  first  and  second  rounds;  no  escape  at  third 
round. 

Y.—Dust. 

Gim  worked  satisfactorily  throughout  test. 

Yl.—Ru8t. 

^    Gun  worked  well  throughout  test. 

Vn. — Excessive  charges. 

At  first  and  third  rounds  extractor  failed  to  draw  shells  till  second 
trial. 
Otherwise  gun  worked  satisfactorily. 

SUPPLEMENTABY  TESTS. 
September  4^  1878. 

Mean  time  of  firing  20  rounds  by  3  enlisted  men  of  the  armory  detach- 
ment, loading  jfrom  the  cartridge-box,  with  the  exception  of  one  magazine- 
fill  previously  loaded,  1  minute  58  seconds.  Of  the  60  cartridges  firtni 
48  liit  the  target,  6'  by  24',  100  yards  distance;  28  hit  the  figure  of  a  man 
at  center  of  the  target;  the  others  were  grouped  well  around  it. 

September  5,  1878. 
I. — Dust. 

Considerable  escape  of  gas  at  firing  of  defective  cartridges.  Gun 
worked  well  after  first  dusting,  except  that  extractor  faUed  to  ilraw  *2 
shells  on  first  trial.  After  second  dusting  the  mechanism  was  consitler- 
ably  fouled  and  its  operation  checked.  After  few  minutes  was  put  in 
suflicient  order  to  fire.    Extractor  failed  to  draw  one  shell. 

September  21, 1878. 
n. — Rust. 

Gun  was  so  badly  rusted  that  it  could  not  be  operat<ed.  After  at- 
tempts at  getting  it  in  working  order  had  been  abandoned  it  yf^^  oiled 
and  laid  aside. 
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Buryess  magnziiie-Gan,  No.  33. 

This  ^111  belongs  to  that  system  hi  wliicli  a  fixed  cUamber  is  closed  by 
;i  bolt,  sliding  in  Ihie  vrith.  the  axis  of  the  barrel,  and  operated  by  a  lever 
fioni  below. 

The  bolt,  Fig.  3,  Plate  XI,  is  a  single  piece,  the  rear  of  which  serves 
as  a  gnide  to  its  motion  by  slidhig  in  grooves  on  the  inner  snrface  of  the 
leceiver.  The  bolt  is  locked  by  the  intei^position  of  the  portion  A,  Fig. 
S,  of  the  breech-bolt  lever,  between  its  head  and  the  reai'  of  the  receiver. 
The  bolt-hea<l  and  lever  are  pivoted  at  13.  The  firing-pin,  which  is  in 
this  x)ortion  of  the  lever,  passes  throngh  the  pivot  B  and  i)revents  it 
moving  either  way.  The  firing-pin  is  retained  in  the  lever  by  the  screw 
C  The  ejector  D,  Figs.  2  and  5,  lies  in  a  groove  across  the  front  of  the 
bolt,  just  below  tlie  fiiing-pin  hole ;  its  rear  tenninates  in  a  split  spring, 
wliich,  by  fri(*tion  against  the  side  of  an  luidercut  groove  in  the  side  of 
the  bolt,  retains  it  in  position. 

The  ejector  is  driven  forward  against  the  under  side  of  the  head  of  the 
cartridge,  when  the  lever  is  thrown  open  by  it«  rear  striking  against  a 
shoulder  on  the  inner  rear  surface  of  the  receiver.  The  bottom  opening 
in  the  receiver  is  closed  by  a  plate,  B,  called  the  lever-guide ;  its  rear  is 
terminated  by  a  piece,  F,  the  tenon  of  which  enters  a  corresijonding 
mortise  in  the  plate.  An  elongated  hole  in  the  tenon,  through  which 
l)asses  the  pin  connecting  the  pieces,  permits  motion  of  the  smaller  part 
to  and  from  the  plate.  A  spiral  spring  is  comprised  between  the  two 
l)ie(ies.  The  motion  of  the  lever  in  opening  and  closing  is  a  sliding  one, 
the  lever  bearing  against  the  end  of  the  part  F,  which  serves  as  a  ful- 
crum. The  caiTier  G,  Figs.  1  and  6,  is  invoted  on  two  sliort  screws 
through  the  sides  of  the  receiver.  It  is  operated  by  a  hooked  projection, 
II,  Figs.  1  and  5,  on  the  bolt-head,  which,  sliding  under  it,  supports  it 
until  the  forward  motion  of  the  lever  is  nearly  completed,  when,  by 
striking  against  the  surfaces  I,  the  carrier  is  rotated  about  the  pivot- 
screws,  its  Iront  descending  oi)posite  the  mouth  of  the  magazine,  which 
is  in  the  tip-stock.  AVhen  the  lever  is  closed,  the  projecting  hook,  pass- 
ing out  of  the  recess  I,  slides  under  the  carrier,  raising  it  to  a  position 
]>arallel  to  the  axis  of  the  barrel,  wiien  its  upward  motion  is  limited  by 
l)ins  projecting  from  the  inner  surfaces  of  the  receiver.  The  hammer  is 
cocked  by  the  backward  motion  of  the  bolt  when  the  lever  is  thrown  for- 
ward. The  piece  is  fii*ed  by  a  center-lock  of  the  usual  pattern.  The 
magazine  is  loaded  through  a  side  cover  in  the  receiver.  No  wiping-rod 
is  provided,  and  there  is  no  cut-ott*  to  the  magazine. 

As  a  magazine-gim,  3  motions  are  necessarj^  to  oj^erate  it,  viz:  opened, 
closed,  fired. 

As  a  shigle-loader,  4  motions  are  necessary,  viz :  opened,  loaded,  closed, 
fired. 

Tliis  gnu  caiTies  10  cartridges  in  the  magazine  and  1  in  the  chamber. 

SYNOPSIS  OF  TESTS. 

AUGisT  15,  1878. 

The  safety-test  was  complied  with  by  Mr.  F.  Tiesing.  One  cartridge 
was  thrown  out  unfired.    Time,  14  seconds. 

I. — Rapidity  tcith  accuracy. 

As  a  magazine  gun,  20  shots  were  fired,  of  which  19  struck  the  target; 
7  caitridges  remain<*d  in  the  magazine.  The  breech-bolt  was  twice 
wedged  by  two  or  more  cartridges  escaping  from  the  magazine  at  once; 
3  cartridges  were  thrown  out  unfired. 

The  gun  was  then  withdrawn. 

32  ORD 
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BHrgcss  Ulagazine-Oun,  No.  9S. 

Diffei's  from  Xo.  22  in  the  addition  of  the  parts  J,  K,  and  the  si»rir: 
L,  Fig.  1,  Plate  XI.  The  object  of  applying  these  parts  was  to  pnvtn; 
the  re-descent  of  the  earner  and  the  consequent  feeding  of  two  or  iu*»n 
cartridges  from  the  magazine,  when  the  lever  was  thrown  fon^anl  niiii 
(mt  fii*st  ha\ing  been  completely  closed.  The  ox)eration  of  thest-  lan* 
is  as  follows : 

When  the  lever  is  thrown  ojien,  the  rear  of  the  eanier  turns  the  pi*^^ 
J  about  its  pivot  M,  depressing  the  iiiece  K,  as  in  Fig.  2.  If  now  rh* 
lever  be  partially  closed,  the  carrier  will  rise  and  the  sjiring  L  rotate  tii- 
piece  J  behind  it.  The  carrier  cannot  descend  again  until  the  lever  b..* 
been  closed,  when  the  shoulder  N,  Fig.  8,  forces  up  the  part  K,  wliuL  ' 
turn  rotates  the  piece  J  to  the  position  shown  in  Fig.  1,  when  the  «: 
rier  is  free  to  operate. 

SY>'OPSIS  OF  TESTS. 
AutJi\sT  31,  1H78. 

The  safety-test  was  complied  with  by  Mr.  F.  Tiesing,  agent  oi  tL 
AVhitney  Arms  C.'omi)any.  One  cartridge  was  thix>wn  out  uulired.  Tih- 
11  seconds. 

I. — Rapidity  icith  accuracy. 

As  a  magazine-giui,  31  shots  were  lin»d,  of  wliich  18  struck  the  tur^» 
G  cartridges  remained  in  the  magazine. 

As  a  single-loa<ier,  27  shots  were  tired,  of  which  22  struck  thetar;:^:: 
1  caitridge  was  thrown  out  untired. 

II. — liapiiUty  at  icilL 

« 

As  a  magazine-gun,  11)  shots  were  lired;  1  cartridge  was  tbn>wn  «■ 
unlired ;  1  cartri<lge  missed  lire,  due  to  the  lever  not  being  fully  dost^: 
8  cartridges  remained  in  the  magazine. 

As  a  single-loader,  18  shots  wei-e  tilled ;  1  cartridge  remained  in  ti 
chamber.     , 

III. — Endurance. 

One  hundi'ed  and  two  shots  wei'e  fired,  when  the  bottom  lever-fzui*!- 
was  found  broken  ott*.    Examination  showed  defect  in  the  material. 

Septkmbkk  2,  1878. 

The  gun  having  been  put  in  order  by  the  substitution  of  a  uew  Ie\'r 
guide,  the  endurance-test  was  i*esimied. 

III. — Endurance. 

At  the  end  of  350  rounds  the  eje(*tor  was  so  fouled  that  the  mag-aziiM 
spring,  acting  thinjugh  the  medium  of  the  cartridge  issuing  from  th*' 
magazine,  could  not  return  the  ejeirtor  to  its  seat ;  the  result  was  that 
the  cartridge  being  partly  out  of  tlie  magazine  prevented  the  carrir: 
from  rising,  and,  consequently,  the  closing  of  the  lever.  The  Boanl  ]^'^ 
mitted  Mr.  Tiesing  to  take  the  gun  apart  and  oil  tlie  ejector.  The  firin- 
was  tlien  resumed.  During  the  next  100  rounds  the  extractor  faile<l  > 
di-aw  7  shells.  Mr.  Tiesing  was  then  permitte<l  to  n^uove  the  extraef^T 
to  ascertain  the  cause.  After  returning  it  tlie  firing  was  again  resume*!. 
Turing  the  last  50  rounds  3  shells  fniled  to  extract. 
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IV. — Defective  cartridges. 
Slight  escape  of  ^as  at  first  and  second  rounds ;  none  at  third. 

V. — Dmt. 

After  the  first  dusting,  9  sliells  of  the  20  cartridges  fired  faihnl  to  ex- 
tract.   Most  of  them  extracted  on  second  trial. 

After  second  dusting,  13  sliells  failed  to  extract.  The  majority  of  them 
had  to  be  driven  out  with  a  ramrod. 

VI. — Rust. 

Lever  could  not  be  closed  when  last  cartridge  was  fed  fix)m  magazine, 
owing  to  the  front  of  the  carrier  not  camming  ])ack  the  curtridge-fol- 
lowcr  which  ])rqje(rted  over  it. 

Otherwise,  gun  worked  fairly. 

VII. — Excessire  charges. 

(\)ver,  or  upper  ])reech-bolt  guide,  blew  off  at  last  round,  disabling  gun, 

Septembku  14,  1^7??. 

A  iu»w  cover,  vented  to  peimit  free  escape  of  gas,  having  been  pro- 
vided, the  seventh  test  was  repeated. 

VII. — Excessive  charges. 

(lUn  worked  well  except  that  after  last  round  it  was  opened  with  con- 
siderable difiicultv. 

SUPPLiniENTARY  TESTS. 
8ki»tembeu  17,  1878. 

I. — Dust. 

Considerable  escape  of  gas  at  firing  of  defe(*tive  cartridges.  Some 
little  difficulty  was  experienced  in  feeding  cartridges  fi-om  the  magazine 
after  fli*st  dusting,  owing  to  sticking  of  the  cartridge-follower.  This 
sticking  was  increased  after  second  dusting ;  the  gun  had  to  be  held 
nearly  vertically  in  order  that  the  cartridges  might  feed  out  through  tlie 
influence  of  gravity. 

Gun  worked  rather  stiffly. 

September  21,  1878. 
II. — Rust 

Lever  had  to  be  pried  open  with  heavy  screw-driver.  Gun  worked 
with  difficulty  until  the  i)arts  had  been  loosened  by  frequent  working. 
At  first  heavy  charge  the  top  cover  or  bolt-guide  blew  up,  binding  and 
wedging  the  i)iece  so  as  to  render  it  unserviceable. 

>^o  oil  was  used  during  the  test. 
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Tiesing:  IVIagrazine-Gun,  No.  21. 

This  ^uii  belongs  to  that  system  in  which  a  fixed  ehamber  is  cii»>e«l 
by  a  bolt  sliding  in  line  with  the  axis  of  the  barrel  and  operateil  !•>  a 
lever  from  below. 

The  breech-bolt  A,  Fig.  1,  Plate  XII,  is  a  single  piece,  to  which  \\i\\< 
B  are  hinged  at  either  side.  These  links  ai*e  in  turn  eonne^niHl  b\  a 
knnckle-joint,  with  others,  C,  hinged  to  the  receiver.  These  links  su;t 
l)oi*t  the  bolt  when  closed,  as  in  tiring.  Tlie  axes  of  the  i)ivots  alit»n: 
which  the  links  rotate  are  in  line  with  the  axis  of  the  bore.  Tlic  nm 
strnction  is  such  that  no  strain  conies  on  the  i)ivots.  Tlie  upiKT  mr 
ends  of  the  forward  links  lock  in  the  receiver,  giving  additional  sui>i-»i: 
to  the  bolt.  A  groove  on  tlie  inner  surface  of  each  rear  link  rctTivr> 
the  end  of  a  jiiii  in  the  breech-bolt  lever ;  motion  of  the  lever  is  coiw 
<|uently  accompanied  by  a  corresponding  motion  of  the  luiks  and,  thnm;i; 
them,  of  the  lM)lt. 

The  hammer  is  cocked  by  the  end  of  the  firing-pui  when  the  lever  b 
thrown  oi)en. 

The  i)iece  is  tired  by  a  center-lock  of  the  usual  pattern.  Tlie  nia?a 
zine,  which  is  in  the  tip-stock,  is  loaded  thnmgh  a  gate  in  the  side  o'VK 
of  the  receiver.  The  carrier,  D,  Fig.  1,  is  pivoted  at  the  reiir  of  tk 
rec'civer.  The  upi)er  end  of  the  breeiih-bolt  lever  is  slotted  as  in  Fijr.  -^ 
This  slot  receives  the  rear  portion  of  the  carrier.  When  tlie  lever  i^ 
thrown  open  the  bottom  of  the  slot  strikes  the  arm  C,  and  rotates  tit^ 
carrier  about  its  hinge,  bringing  its  fi*ont  opposite  the  mouth  of  th? 
magazine.  The  reverse  motion  of  the  lever  raises  the  carrier  witil  ii> 
ui)per  surface  is  parallel  to  the  axis  of  the  bore. 

No  wiping-rod  is  provided  with  this  gun,  and  there  is  no  magazioe 
cut-off. 

As  a  magazine-gun,  3  nu)tions  are  necessary  to  oi>enite  it,  viz:  oi>e«f«l 
closed,  tired. 

As  a  single-loader,  4t  motions  are  necessary,  viz:  opened,  loa<ie<l 
closed,  tired. 

This  gun  carries  9  cartridges  in  the  magazine  and  1  in  the  chanil^r' 

SYNOPSIS  OF  TESTS. 

August  15^  1878. 

The  safety-test  was  complied  with  by  Mr.  F.  W.  Tiesing.  One  ear 
tridge  was  thrown  out  imfired.    Time,  9  seconds. 

I. — Rapidity  with  accuracy. 

Dimng  this  test,  3  cartridges  escaped  from  the  magazine  and  wc4ljre<l 
OA'er  the  carrier,  in  the  receiver,  in  such  a  manner  as  to  stop  the  oi^'ra 
tion  of  the  breech-bolt. 

In  a  second  trial,  21  cartridges  were  fired,  of  which  14  struck  the  tar- 
get *,  7  cartridges  remained  in  the  magazine.  The  same  difficulty 
occurred  as  in  the  tirst  trial. 

The  exhibitor  then  withdrew  the  gun. 
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hreech-loading  small-arms  havixg  a  fixed  chamber  closed  hv  a 
movable  bfieech-block,  sliding  and  rotating,  and  moved  by  a 
lever  from  below. 

Chaffee.    Buffington. 


Chaflee  Ulaffaziiie-Oiiii,  No.  26. 

Til  is  «^iiii  beloiio's  to  that  system  in  wliicli  a  lixetl  elianiber  is  closod  by 
a  iiu)val)le  breech-block,  sliding  and  rotating,  and  operated  by  a  lever 
from  below.  On  the  inner  surface  of  the  receiver  are  two  eireular  guides, 
A,  Fig.  1,  Plate  XI 11,  which  enter  grooves  15,  Fig.  4,  in  the  breech-block 
and  over  which  the  Im^ech-block  slides.  The  block  is  a  single  piece  hol- 
lowe<l  out  to  receive  .the  hanuner  C  and  the  nniin-spring  D. 

At  the  front  of  the  bl<M*k  is  the  liring-jnn  F,  limited  in  its  motion  by 
tli(»  screw  F.  The  breech  block  is  operated  by  the  lever  (r.  The  ft*(mt 
of  the  lever  is  hinged  to  the  front  of  the  breech-blo<*k ;  its  middle  is 
hing(Ml  to  two  arms  which  are  in  turn  hinged  to  the  sides  of  the  receiver. 
The  hanuner  is  cocked  when  the  breech-block  lever  is  thi'own  o])en  by  the 
liressure  of  the  lever  hook  II  on  the  face  of  the  hanuner,  which  f(uces 
the*  lattia*  back  until  the  nose  of  the  sear — which  is  a  part  of  the  trigger — 
enters  the  notch  I.  Ke verse  motion  of  the  lever  closes  the  blo<*k  which 
is  locke<l  by  the  projection  J,  on  the  lever,  entering  the  recess  K,  Fig.  2, 
in  the  block  and  in  the  si<les  of  the  receiver. 

The  extrac'tor  L,  Figs,  li,  5,  and  0,  is  not  rigidly  connecteel  with  the 
breech-bhutk,  but  has  a  longitudinal  motion  along  its  side.  It  does  not 
begin  to  draw  the  slu41  until  the  breech-bl(K*k  has  moved  to  the  rear 
iic^arly  an  inch,  when  a  slumlder  on  the  extractor  strikes  a  corres])onding 
oiu»  on  the  block,  after  which  lM)th  move  together.  The  object  of  the  ex- 
tractor projecting  so  far  in  fixmt*of  the  block  is  to  supi)ortthe  cartridges 
as  they  leave  the  magazine  on  their  way  to  the  chand)er,  A  shoulder, 
1*,  on  the  bottom  of  the  carrier  serves  as  an  ejector.  Its  effect  is  to  rotate 
the  emi)ty  shells  thi-ough  the  opening  in  the  bottom  of  the  receiver,  to 
the  ground.  Tiie  magazine  is  in  the  butt-stock.  At  the  bottom  of  the 
tulu»  are  two  ratclu»t  bars,  one  sliding,  the  other  fixed.  Hibs  on  the  sides 
of  the  bars  ent(»r  grooves  in  the  sides  of  the  tube  as  in  Fig.  7.  Springs 
on  the  un<ler  side  of  the  bars  hold  them  up  against  the  cartiidges.  Tlie 
sliding  bar  is  oi^eratiHl  when  the  lever  is  o])ened  and  ch>se<l  by  i)ins  M 
anil  >«',  on  the  inner  suiface  of  the  bn»(H*h -block,  stinking  against  the  h(K)k 
()  on  the  front  of  the  bar.  The  operation  of  feeding  the  cai*tridges  to 
th(»  chamber  is  as  follows: 

The  nmgazine  having  been  loaded  through  the  butt-plate,  the  lever  is 
thrown  open  and  ea<*h  tooth  of  the  sliding  bar  passes  behind  the  head 
of  the  cartridges  next  in  rear  of  it.  The  closing  of  the  lever  moves  the 
ratchet  forward,  bringing  each  cartridge  its  own  length  farther  to  the 
front.  The  function  of  tlie  fixed  ratchet  is  simply  to  prevent  the  cart- 
ridges sli<ling  backwanV  after  they  have  been  earned  forward  by  the 
movable  bar.  The  carrier  P,  Figs.  1  and  2,  closes  the  opening  in  the  top 
of  the  receiver.  It  receives  and  guides  the  cartridge  from  the  nmgazine 
to  th(»  chand)er.  The  shape  of  the  inner  surt'ace  of  the  canier  at  its 
front  is  such  that  the  point  of  the  cartridge  as  it  leaves  it,  is  o]>posite 
the  i'enter  of  the  cliaml)er.  The  extraetor  mo\ing  forward  T\itli  the 
brcHM'h-bhx'k,  supports  the  rear  of  the  cartridge  as  in  Fig.  2.  The  in- 
clined rear  surtiwe  of  the  earner  ])revents  the  rear  of  the  cartridge  from 
rising  while  on  its  way  to  the  chand)er.    AVhen  tin*  lever  is  thrown  open 
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II  sprin<»*,  Q,  fit  the  front  of  the  carrier,  causes  its  rear  to  (h\seencl  opixisitt* 
the  mouth  of  the  magazine.  In  this  position  it  serves  as  a  cartridjfi- 
sto]),  preventing  the  escape  of  other  cartridges. 

There  is  no  cut-off  to  the  magazme,  nor  can  there  be,  ea<*h  motiaii 
of  the  lever  being  accompanied  with  a  conesponding  motion  of  thv 
rach(»t. 

As  a  single-loader,  the  piece  is  loaded  through  the  carrier,  the  rear  of 
which  is  opene<l  by  depressing  the  front  j  this  should  be  done  Ix^foretiie 
lever  is  opened. 

The  trigger  is  k>cked  by  a  set-screw  when  the  i)iece  is  carried  at  full 
co<*k. 

As  a  niagazine-gun,  3  motions  are  necessary  to  operate,  viz:  oi)enf<l, 
closed,  lii-eil. 

As  a  single-loader,  4  motions  are  necessary,  viz :  loaded,  oi)eued,  clasi**!, 
fired.  , 

This  gun  carries  6  (cartridges  in  the  magazine,  1  in  the  caiTit»r,  and  I 
in  the  chamber. 

SYNOPSIS  OF  TESTS. 
Ski»tkmbi:u  14,  IH7K 

The  safety-test  was  complied  with  by  Mr.  K.  S.  Chaffee.  Time,  .'►'» 
seconds. 

Four*  cartri<lges  were  thrown  out  unfiix»d ;  one  of  them  showed  evi 
deuce  of  having  been  struck  by  the  ftiing-iun. 

This  test  was  rei)eated,  the  time  being  3»i  se<H>nds. 

Mr.  Chaffee  then  withdrew  the  gun  in  order  to  perfect  its  mecliaiiism. 


Buffiniptoii  Iflag^azine-Oiin,  No.  7* 

This  gun  ludongs  to  that  system  in  whi(;h  a  fixed  chandK*r  is  c1os4mI 
by  a  movable  breech-block,  sliding  and  rotating,  and  operated  by  a  lever 
li'om  below. 

The  receiver,  Fig.  1,  Plate  XIV,  to  wliich  the  barrel  is  attach(»d  in  tin* 
usual  way,  has  a  vertical  slot  entirely  tlu*ough  it  for  the  reception  of  tlu- 
breech-block,  and  two  grooves,  A  A,  at  right  anglas  t^>  eiu*h  other,  on 
the  inner  surimte  of  each  side.  In  these  giXK)ves,  the  fiatteneil  ends  of 
l)ivots  passing  through  the  bree(?h-block  at  B  and  0,  Fig.  3,  slide.  The 
various  i)oints  of  the  breech-block,  hot  in  the  axes  of  the  i)ivots,  thu> 
describe  arcs  of  ellipses  when  the  block  is  opened  or  closed.  The  bhK-k 
is  hollowed  out  to  receive  the  hannuer,  nuuns])ring,  &c.  The  hamntcT. 
Figs.  4,  5,  and  G,  is  slotted  to  re<!eive  one  branch  of  the  mainspring 
which  abuts  against  a  ]>in,  I),  Fig.  J.  The  other  branch  beai-s  against 
a  similar  i)in  thrcmgh  the  breech -V)l(K*k.  The  piece  is  locked  by  lug> 
proje<'ting  from  pie<*es  s<irewed  to  the  si<les  of  the  nM*eiver,  ])artly  aci^os^ 
its  top  and  ent<»ring  the  grooves  E,  Fig.  5,  on.  the  hamm<»r,  as  sihhi  in 
Fig.  10.  The  firing-pin  is  retracted,  when  the  bhn'k  is  unUnked  or  thi- 
hannuer  cocked,  by  the  slot  F,  Fig.  5,  which  receives  the  hea<l  of  the  piiK 
as  in  Fig.  7. 

The  <»xtractor  (i,  Fig.  1,  is  a  bent  spring  hook  secured  at  its  ivi\r  U> 
the  breech-block  by  a  pin  and  su])ported  at  its  front  by  the  i>ivut  C. 
In  order  to  ojien  the  block,  it  is  necessary  to  draw  back  the  hannuer  to 
a  ]>ohit  a  little  beyond  the  full  cock,  and  then  control  the  motion  hy  tlir 
lever  H.     Should  the  hammer  be  let  down  while  the  blink  is  oir»u,  it  i^ 
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<^ocke(l  in  tlie  act  of  closiiifi:  by  the  edges  of  the  surface  I,  Fig.  4,  strik- 
ing on  projections  on  the  inner  rear  suiface  of  the  receiver. 

Tlie  magazine  is  in  the  tip-stock.  It  is  provided  with  two  cartridge 
stoi)-springs,  J  and  K,  Fig.  7.  The  carrier,  Figs.  8  and  0,  is  made  of 
sheet  steel  bronght  to  a  si)ring  temper.  It  is  secured  to  tlie  breech- 
l)h)ck  by  the  pivot  0,  Fig.  1 ;  it  is  thrown  up  by  the  point  L,  Fig.  3, 
striking  nnder  tlie  point  M,  Fig.  8,  as  in  Fig.  7.  When  the  breech- 
block is  clos(»d  the  carrier-bh)ck  descends,  its  spring,  M,  keeping  it  in 
contact  with  the  breech-block,  bears  down  on  the  st4)p-s]>ring  .F,  and 
slides  under  the  end  of  the  magazine-tnbe.  As  it  passes  under  the  tube 
the  inclined  planes  N,  Fig.  9,  raise  tlie  ends  of  a  (Toss-piece  riveted  to 
the  stop-spring  K,  when  a  cartridge  is  forced  by  the  magazine-spring 
into  the  carrier. 

A  cut-off  enables  tlie  piece  to  be  use<l  as  a  single-loader. 

As  a  magazine-gun,  3  motions  are  necessaiy  to  operate,  viz :  opened, 
closed,  lired. 

As  a  single-loader,  4  motions  are  necessary,  viz :  opened,  loaded,  closed, 
fired. 

This  gun  Cannes  6  cartridges  in  the  magazine  and  1  in  the  chamber. 

SYNOPSIS  OF   TESTS. 
April  22,  1H7H. 

An  attempt  to  comply  with  the  safety-test  was  made  by  Major  Buf 
tington.  Owing  to  tlie  sticking  of  cartridges  in  the  mouth  of  the  maga* 
zine — which  was  contracted  to  prevent  the  escape  of  the  cartridge-fol" 
lower — only  3  shots  were  tired.  In  order  to  start  the  cartridges  the  butt 
of  the  gun  was  struck  on  the  groun<l.  The  resulting  shock  broke  off  the 
magazine  stop-spring,  bringing  the  test  to  an  end.  The  gun  was  then 
withdrawn  for  alteration. 


Biiffingfton  iTIaffazinc-Gan,  No.  10* 

Differs  from  No.  7  in  having  a  slot  in  the  magazine- tube  and  a  small 
s<*rew  in  the  cartridge-follower  at  right  angles  to  its  axis,  which,  enter- 
ing the  slot,  guides  the  follower  and  prevents  its  escape  from  the  tube. 

April  23,  lf:C8. 

Safety-test  was  complied  with  by  Major  Buffington.  One  cartridge 
foil  to  the  gnnind  unlired ;  cause  unknown.    Time,  37  seconds. 

I. — Bapidity  with  accuracy. 

As  a  magazine-gun,  20  shots  were  fired  ;  10  struck  the  target. 

As  a  single-loader,  24  shots  were  lired ;  21  stnick  the  target.  In  load- 
ing, one  cartridge  passed  below  the  chamber  partly  in  the  magazine. 
A  misfire  resulted.  On  opening  the  block,  the  cartiidge  fed  up  and 
was  fired. 

*  II. — Rajjidity  at  irilL 

As  a  magazine-gun,  14,  and  as  a  single-loader,  13,  shots  were  fired. 

III. — Endurance. 

Four  hundred  shots  were  fired.  One  cartridge  missed  fire  on  two 
blows;  fired  on  first  blow  in  Si>ringfield  rifle.  Two  cartridges  in  some 
manner  were  force<l  fnmi  the  magazine-tul>e  under  the  carrier,  stox>ping 
the  firing  until  they  could  l)e  remove<l. 
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Aphil  24,  1878. 

III. — Endurance. 

Last  100  rounds  were  fired.  Breeeli-system  worked  stiffly.  Thrt»e  car 
tridges  fell  out  over  toj)  of  block  while  ejecting  shells.  One  C4irtridj:v 
missed  fire,  but  exi>loded  on  second  bknv.  One  cartridge  missed  tirv 
twice,  but  exploded  on  first  blow  in  Springfield  rifle. 

IV, — Defective  cartridges. 

First  fire. — Decided  escape  of  gas;  i)aper  torn.  Second  fire. — Mo(ki 
ate  escape  of  gas;  paper  soiled.     Third  fire. — No  escai)e  of  gas. 

V. — Dust. 

Breech-block  o])ened  and  closed  with  great  difiiculty,  causing  iiukIi 
dehiy.  One  misfire.  One  cartiidge  fell  out  unfirod,  and  the  empty 
shell,  which  was  being  ejected  at  the  tinu^,  was  returned  to  the  cbanilHi. 

April  26,  1878. 

XL— Rust. 

The  cartridge-follower  was  solidly  rusted  in  the  magazine;  it  wa< 
loosened  by  driving  on  it  with  the  ramrod.  The  magazine-si)riiig  (li<l 
not  operate ;  cartridges  were  fed  from  tlie  magazine,  tlirough  the  intiu 
ence  of  gravity,  by  holding  the  gun  vertically,  nuizzle  up.  The  bree<h 
system  worked  with  great  difiiculty;  was  oi)ened  with  the  aid  of  a  stick. 

YII. — Excessive  charges. 

Gun  worked  A\ith  greatest  difiiculty.  Extractor  was  found  broken 
after  last  fire.  The  gun  was  then  cleaned  and  set  aside  for  furtlu^r  ar 
tion  of  the  Board. 

AVithdrawn. 


breech-loadixo  small-akms  having  a  fixed  chamher  closfo  in  a 
movahle  bkeech-hlock,  whic^ii  rotates  aliout  a  horizontal  axi> 
at  90°  to  the  axis  of  the  barrel,  lying  above  the  axis  of  thk 
barrel  and  in  front. 

Springfield-Miller. 

SPRINGFIELB-CLinnrONS. 


sillier  iTIairnziiic-Oun,  ]Vo.  15. 

Tliis  ^\\w  is  an  adaptation  of  a  magazine  to  the  United  States  service 
Springfield  rifle. 

The  breech-system  is  too  well  kno\^^l  to  need  description. 

Tlie  alterations  are  as  follows: 

The  original  receiver  and  breech-pin  are  re])laced  by  a  receiver  alone 
the  tang  being  solid  with  it.    The  upper  ri^ar  part  of  the  receiver  gives 


REPORT  OP  THE  CHIEF  OP  ORDNANCE.         505 

the  bearing  for  tlie  cam,  while  the  spao^i  ordinarily  filled  by  the  breech- 
pill  is  utilized  as  a  chaimel  tliroujj^h  which  the  cartridges  are  fed  from 
the  iiiagazine  in  the  butt-stock.  The  ejector-stud  is  replaced  by  one 
beveled  on  its  rear  as  weU  as  its  front,  in  order  that  the  cartridges  may 
slip  easily  over  it  into  the  chamber.  The  magazine,  Fig.  1,  Plate  XY,  is 
a  tube  slotted  through  its  whole  length.  To  the  upper  side  of  the  tube 
flat  springs,  A,  are  screwed.  At  the  end  of  each  spring  and  riveted  to 
it  is  a  lug,  B,  beveled  on  its  rear  surface;  these  lugs  pass  through  holes 
cut  in  the  magazine  and  serv^e  to  separate  the  cartridges. 

A  ratchet,  C.  Figs.  1  and  2,  works  in  the  slot  in  the  magazine-tube. 
It  is  operated  oy  the  slide  D,  attached  to  the  guard-i)late.  When  the 
slide  is  drawn  back  the  teetn  of  the  ratchet  i>ass  in  rear  of  the  heads 
of  the  cartridges.  On  being  returneil  to  positiim  each  tooth  moves  a 
cartridge  forward,  the  lugs  on  the  springs  A  being  i^ressed  out  of  the 
way  by  the  cartridges  themselves. 

At  the  front  of  the  ratchet  is  a  caiiridge-sto}),  E,  held  up  by  the  spring^ 
F.  The  stop  is  prevented  from  rising  too  far  by  the  pin  (r.  When  the 
ratchet  is  withdi*a\vai  the  stop-spring  yields — since  the  cartridges  cannot 
move  backward  on  account  of  the  shoulders  of  the  lugs  on  the  springs — 
the  stop  desceiuls  and  is  drawn  under  the  first  cartridge,  which  is  then 
free  to  leave  the  magazine  and  enter  the  chamber,  gravity  being  the 
motive  force,  the  gun  being  held  muzzle  downward.  When  the  ratchet 
is  moved  forward  the  2d  caitridge  occupies  the  place  of  the  1st,  the  3d 
of  the  2d,  and  so  on.  The  ratchet  is  ])reventeil  fnmi  entering  the  tube 
by  two  i)ins,  II  and  (1,  which  bear  against  the  outer  surface  of  the  tube 
along  the  edges  of  the  sh)t.  It  is  held  in  contact  with  the  tube  by  the 
s])ring  J.  Tlie  spring  is  kept  from  slipping  off  the  liottom  of  the  ratchet 
by  the  forks  K  and  L.  The  magazine  is  h)aded  through  a  gate  in  the 
butt-i)late.  A  i)rojection,  X,  on  the  breech-bl(M*k  hooks  over  the  pin  O 
and  prevents  motion  of  tlie  ratchet  when  the  piece  is  locked. 

As  a  magazine-gun,  5  motions  are  necessary  to  ojierate  it,  viz :  cocked, 
opened,  loaded  (by  operating  the  ratchet  by  the  slide),  closed,  fired. 

The  same  number  of  motions  is  necessary  as  a  single-loader. 

This  gun  cames  G  cartridges  in  the  magazine  and  1  in  the  chamber. 
The  last  caitridge  will  not  feed  from  the  magazine,  however,  until  forced 
down  by  others  when  the  magazine  is  reloaded. 

JrxK  25,  1H7H. 

The  safety-test  was  complied  with  by  ^Ir.  K.  T.  Hare.  Time,  1  min- 
ute and  2  secon<ls. 

The  Board  directed  that  the  time  of  emptying  the  magazine  (6  shotw) 
be  ascertained  in  comparison  with  the  tinu^  of  firing  the  same  number 
of  shots  from  the  gun  as  a  single-loa<ler. 

Time  in  the  first  instanc^e,  IS  seconds;  in  the  second,  15  seconds. 

II. — Rapidity  at  will. 

As  a  magazine-gun,  14  shots  were  fired;  3  cartridges  remained  in  the 
magazine. 

As  a  single-loader,  23  shots  were  fired. 
(lUn  witlidrawn  bv  exhibitor. 
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ClemiKons  lagazine-Oan,  No*  94. 


Tliis  ^in  is  an  adai)tation  of  a  magazine  to  the  United  States  Spiin 
field  ritie.    The  alterations  are  as  follows : 

The  left  side  of  the  reeeivei  is  cut  away  nearly  to  the  Iwttora  of  tin 
well.    The  portion  r<Maovof  is  replaced  by  a  piece,  A,  Figs.  2  awl  X 
Plate  XVr,  th(^  interior  of  which  is  somewhat  the  shape  of  the  half  car- 
tridge.   This  piece  is  oi)en  at  the  rear  in  order  to  receive  cartridges  from 
the  magazine.    A  groove  is  cut  in  the  left  side  of  the  butt-stock  for  the 
magazine-tube.    The   groove   is  covered  by  a  bniss  plate,  B,  Fig.  ."). 
The  magazine-spring  and  (jartridge-follower  are  of  the  ui^ual  form.    To 
the  rear  of  the  follower  one  end  of  a  piece  of  tape  is  attache<l;  the  otber 
end  is  connected  witli  an  ordinary  cloc/k-work  by  which  the  tape  may  be 
w^ound  up,  drawing  back  the  follower  and  compi^essing  the  magazine- 
spring  as  in  Fig.  1.    On  the  inner  surface  of  the  piece  attached  to  the 
receiver,  is  a  split  si)ring,  C,  Fig.  1,  pivoted  at  its  front.    This  sprinjr 
has  a  thumb-piece,  D,  which  may  be  locked  back  as  in  Fig.  2,  by  a 
spring-cat<5h,  E.    The  split-si>ring  serves  as  a  magazine  cartridge-stop. 
Fig.  3.    The  magazine-spring  having  been  compressed  by  winding  up 
the  clock-work,  the  magaziiie  is  filled  with  cartridges  by  backing  them 
down  from  the  receiver.    The  pawl  F,  Fig.  1,  is  then  released  from  the 
ratchet  (t,  by  means  of  a  slide  and  the  magazine-spring  bears  on  the 
column  of  cartridges.     When  the  breech-block  is  clOvsed  it  strikes  the 
thumb-piece  I),  presses  it  ba<;k  and  let«  in  a  cartridge  from  the  maga- 
zine, as  in  Fig.  2.    By  pressing  on  this  thumb-piece,  the  breech-bhx'k 
having  been  oi)ened,  suflicieutly  to  overcome  the  catch  E,  the  cartridge 
is  thro^vn  into  the  receiver;  it  nnist  then  be  i)ushed  into  the  chamber  in 
the  usual  manner. 

As  a  magazine-gim,  6  niotions  ai'e  necessary  to  operate  it,  viz:  cockeil, 
opened,  loaded  (2  moticms),  ch)sed,  tired. 

As  a  single-loader,  the  usual  5  motions  are  necessary. 

This  gun  carries  5  cartridges  in  the  magazine,  1  opposite  the  receiver, 
and  1  in  the  chamber. 

SYNOPSIS   OF   TESTS. 
Skptembkr  2,  187H. 

The  safety -test  was  complied  with  by  Mr.  II.  T.  Hare.    Time,  53  seconds. 
Seven  cartridges,  carried  in  magazine  and  chamber,  were  tired  by  Mr. 
Clemmons  in  23  sec^onds. 

The  gun  was  then  withdrawn. 


Clemmons  iflaipaziiie-Criin,  No.  il7« 

DiflVrs  from  Xo.  24,  Plate  XYI,  in  the  following  i^articulars  :  The 
clock-work  is  omitted.  A  stop  is  provided  to  hold  the  c^irtridges  against 
the  pressure  of  the  magazine-si>ring  while  loading ;  it  is  moveil  out  of  tlie 
way  after  the  magazine  is  filled  by  means  of  a  button  connected  with  it. 
The  sto])  is  located  near  the  front  of  the  magazine. 

SYNOPSIS   OF   TESTS. 
Septkmbkk  11,  1B7H. 

The  safety-test  was  complied  with  by  Mr.  C.  E.  Bailey.   Time,  45  seconds. 

One  cartridge  was  thrown  out  unfired. 

On  repeating  the  test,  the  time  was  reduced  to  37  seconds. 
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I. — RapUlity  with  mrnrncy. 

As  a  ina<»:azine-^m,  14  shots  wore  fired,  of  whicli  9  struck  the  target. 
8ix  (•artridj»es  i-einaineU  in  tlie  niagazme. 

As  a  single-loader,  31)  shots  were  fired,  of  which  9  struck  the  target. 
4^)ne  caiiridge  remained  in  the  chamber. 

II. — Rapidity  at  icill. 

As  a  magazine-gun,  8  cartridges  were  fired,  4  remamed  in  the  magazine. 

As  a  single-loader,  24  cartridges  were  fired. 

The  j)iece  attacheil  to  the  receiver  being  only  of  a  temporary  character, 
IVIr.  Clemmons  was  unwilling  to  submit  the  gun  to  further  test ;  it  was 
accordingly  withdrawn. 


BREECII-LOADINd  SMALL-ARMS  HAVING  A  FIXED  CHAMBER  CLOSED  BY 
A  MOVABLE  BREECH-BLOCK,  WHICH  ROTATES  ABOUT  A  HORIZONTAL 
AXIS  AT  9(P  TO  THE  AXLS  OF  THE  BARREL,  LYING  BELOW  THE  AXIS  OF 
THE  BARREL  AND  IN  FRONT— MOVED  BY  A  LEVER  FROM  BELOW. 

Lewis-Eice. 


Lewi^-Rice  lUai^azine-Gun,  No.  6. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed  by 
n  nioval)lc  breech-block  rotating  about  a  horizontal  axis  at  right  angles 
to  and  below  the  axis  of  the  barrel,  and  in  front,  and  in  which  the  lock 
is  concealed. 

The  breech-block  is  operated  by  a  lever,  A,  and  is  locked  by  a  cam, 
B,  Fig.  1,  Plate  XVII.  The  cam  is  held  in  i)ositi()n  by  the  spring  C, 
one  branch  of  which  serves  as  a  trigger-si)ring.  The  breech-block  is 
simply  a  box  containing  the  firing-pin  1),  a  bell-crank  lever,  E,  one  anu 
of  which  controls  the  motion  of  the  firing-pin,  the  main-spring  F,  trig- 
ger-spring G,  &c.  The  box  is  closed  by  a  cover,  in  a  slot  in  which  is 
«ituat(Ml  the  extraijtor  II,  Fig.  2.  In  operating  the  lever  A,  so  as  to 
open  the  block,  the  point  I  bears  against  the  siui'ace  J  of  the  cam, 
l)resses  it  forward  and  unlocks  tlie  piece. 

During  the  unlocking,  the  lower  arm  of  the  firing-pin  lever  is  so 
moved  by  the  nose  of  the  cocking-lever  as  to  cause  the  upper  arm  to 
reti'act  the  firing-pin.  When  the  lever  has  been  rotated  suftic>iently,  the 
trigger-spring  causes  the  nose  of  the  trigger  to  enter  the  fidl-cock  notch ; 
at  the  same  time  the  shoulder,  K,  of  the  cam  rides  over  the  point  L  of 
the  trigger.    The  piece  cannot  then  be  fired  until  the  cam  is  in  its  seat. 

The  extractor  is  a  flat  blade,  tunnng  on  the  same  axis  as  the  lever  A, 
and  operated  by  the  shoulders  of  the  slot  in  the  cover  of  the  breech- 
block, in  which  it  lies. 

The  magazine  is  in  the  butt-stock.  It  is  loaded  at  the  side,  near  the 
ivar,  by  first  withdrawing  the  magazine-tube  nearly  its  full  length. 
When  the  bree(*h-block  is  opened,  a  cartridge  is  forced  by  the  magazine- 
«I)ring  against  the  cartridge-stop  M,  Fig.  2.  As  the  block  is  closed,  the  stop 
<le^cends,  due  to  its  arm  X  working  in  a  slot  on  the  inner  surfa^'C  of  the 
receiver,  and  the  cartridge  enters  the  chamber.  A  fork,  (),  on  the  upper 
f^urface  of  the  re(*eiver  prevents  the  cartridge  being  thrown  out  when 
the  block  is  closed,  and  also  guides  it  into  the  chamber.     A  cut-off  is 
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situated  on  the  left  side  of  the  receiver.  It  may  be  so  set  as  to  prevent 
the  breech-block  opeuiiift*  far  eiiougli  to  aUow  cartridges  to  fee<l  from  the 
magazine.  The  piece  may  then  be  used  as  a  single-loader.  As  a  maga- 
zine-gun, 3  motions  are  necessary  to  operate  it,  viz:  opened,  close<l,  firiMl. 

As  a  single-loader,  4  motions  are  necessary,  viz:  opened,  loaile*!. 
closed,  fired. 

This  gun  carries  5  cartridges  in  the  nmgazine  and  1  in  the  chamber. 

If  the  breech-block  be  opened,  the  six  cartridges  may  l>e  loatlnl 
directly  in  the  magazine. 

SYNOPSIS  OF   TESTS. 

AruiL  15,  187??. 

The  safety-test  was  complied  with  by  Mr.  H.  A.  Lewis,  presenting  t lie 
gun.     Time,  29  seconds. 

One  cartridge  was  thrown  out  unfired,  the  blow  of  the  tiring-pin  beiii^i 
insullicient  to  explode  it. 

I. — Rapidity  icith  aecuraey. 

As  a  magazine  gun,  15  shots  were  fired ;  14  struck  the  target.  Car 
fridges  did  not  feed  freely  from  the  magazine,  but  caught  in  tlie  sjjaee 
behind  the  breech-block,  preventing  working  of  the  gun.  About  one- 
half  the  time  was  consuminl  in  removing  obstnictitms. 

As  a  single-loader,  25  shots  were  fired;  23  struck  the  target;  8  car 
ti'idges,  in  addition,  were  thrown  out  unfired. 

11. — Eaindity  at  kUL 

As  a  magazine-giui,  2  cartridges  were  filled;  2  wei-e  thnn^ni  out 
unfired;  4  remained  in  the  magazine.  The  magazine-sju'ing  did  not 
force  the  cartridges  sufficiently  far  in  to  be  carried  forwanl  by  the 
breech-bhx'k.    The  block  became  wedged,  bringing  the  test  to  a  close. 

The  gun  was  then  withdrawn  by  the  exhibitor. 


Lewis-Rice  iflag^azinc-Oon,  No  14. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed  by 
a  movable  breech-bk)ck,  rotating  about  a  horizontal  axis  at  right  angles 
to  and  below  the  axis  of  the  barrel,  and  in  front,  and  in  which  the  lock 
is  ccmcealed. 

The  breech-block  is  0]>erated  by  a  lever,  A,  and  is  locked  by  a  cam,  B, 
Fig.  1,  Plate  XVIII;  the  cam  is  held  in  ])osition  by  its  spring,  (\  The 
breech-block  is  a  sort  of  box  containing  the  hammer,  main-spring,  cam- 
spring,  &c.,  and  to  the  outside  of  which  is  attached  the  extract<u*.  In 
operating  the  lever  so  as  to  oi)en  the  bl(K*k,  the  point  1)  bears  against 
the  suiface  E  of  the  cam,  and  causes  it  to  move  forwju'd,  unlocking  the 
block.  At  the  same  time  the  hammer  is  fori^ed  back  by  the  pawl  F, 
])ivoted  to  the  lever  A,  bearing  against  its  slnmlder,  G.  The  shoulder 
H  of  the  cam,  riding  over  the  point  I  of  the  trigger,  presses  it  down, 
raising  the  other  extremity,  or  s(»ar,  to  the  full-cock  notch  J.  It  is  imi)Os- 
sible  to  fire  the  piece  until  the  block  is  l(M*ked,  because  the  shoulder  II 
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of  the  earn  remains  over  tlie  rear  of  the  trigjj^er  until  the  eani  is  in  its 
seat. 

A  safety  device,  K,  tiimecl  in  between  tlie  lower  i>ortion  of  the  receiver 
and  the  tri^g:er,  i)reventi4  the  pullinj^  of  the  latter  when  the  i)iece  is  car- 
ri(Ml  cocked.  The  extractor  is  positive  in  its  action.  It  is  simply  a  flat 
blade  tmiiin^  on  the  same  axis  as  tlie  lever,  and  working  in  a  slot  in  the 
cover  of  the  breech-block.  The  magazine  is  in  the  butt-stock.  It  is 
loaded  at  the  side,  near  the  rear,  by  iirst  withdra^ving  the  tube  nearly 
its  whole  length.  When  the  j)iece  is  o]>ened  a  cartridge  is  forced  by  the 
magazine-spring  into  the  position  shown  in  Fig.  2.  It  is  checked  by  the 
stop  L,  which  descends  by  a  positive  motion  as  the  block  is  closed,  due 
to  an  arm  working  in  a  slot  on  the  inner  surface  of  the  receiver.  A  fork, 
M,  on  the  u])i)er  surface  of  the  receiver,  held  in  positicm  by  the  spring 
N,  prevents  the  caitridge  being  thrown  out  as  the  bhxik  is  closed,  and 
also  serves  to  guide  the  cartridge  to  the  chamber. 

A  deWce  at  the  left  side  of  the  receiver  may  be  so  set  as  to  pi-event  the 
breech-block  opening  far  enough  to  receive  cartiidges  from  the  niagazine. 
The  piece  may  then  be  used  as  a  single-loader. 

As  a  magazine-gun,  3  motions  are  ne<.*essary  to  oiK»rate  it,  viz :  oi)ened, 
"Closed,  fired. 

As  a  single-loader,  4 motions  ai'e  necessary,  viz:  opened,  loaded,  eloscd, 
fired. 

This  gun  canies  5  cartridges  in  the  magazine  and  1  in  the  chamber. 
If  the  bree(*h-block  be  opened,  the  6  caitridges  may  be  loaded  directly 
into  the  magazhie. 

SYNOPSIS   OF  TESTS. 
JrXE  19,  1878. 

The  safety-test  wjis  complied  with  by  Mr.  1).  Kirkwood,  maker  of  the 
^un.    Time,  21  seconds. 

I. — Rapidity  tcith  accuracy. 

As  a  magazine-gun,  27  shots  were  fired,  of  which  22  stnick  the  target; 
3  cartridges  reinaine<l  in  the  magazine. 

As  a  single-loa<ler,  31  shots  were  fired,  of  which  27  struck  the  target. 

n. — Rapidity  at  icill. 

As  a  magazine-gun,  12  shots  were  fired ;  4  cartridges  remained  in  the 
luagazine. 

As  a  single-loader,  16  shots  were  fired. 

For  some  reason  not  thoroughly  understoocl  the  gun  did  not  work 
smoothly.  The  block  stuck  so  that  it  was  ch)sed  with  the  greatest  diffi- 
<»iilty.  Bullets  struck  on  the  caitridge-stop  and  were  much  disfigmred 
^vhen  the  block  was  closed  by  force. 

III. — Endurance, 

Three  hundred  rounds  were  fired.  Tliroughout  the  firing  the  difficulty 
I>efore  stated  constantly  occurred,  though  in  greater  degree.  The  lock- 
ing device  failed  to  operate.  The  breech-block  was  dismounted  in  the 
j>re8ence  of  the  exliibitor,  but  the  trouble  could  not  be  ascertained.  All 
iippeared  to  be  in  order  as  originally  constnicted.  The  shaii)  edge  of 
the  cartridge-stop,  which  sheared  the  bullet  when  the  blo(»k  w^a«  ck)sed, 
was  rounded  off  at  the  request  of  the  exhibitor,  but  without  much  appar- 
^\\t  benefit. 

Gun  withdrawn  by  exhibitor. 


510         REPORT  OP  THE  CHIEF  OF  ORDNANCE. 

lieiiris-Rice  lHai^asEine-Giiiiy  No.  16. 

(Does  not  differ  in  principle  fi-om  Xo.  14,  Plate  XYIII.  Tlie  cbaiijcis 
made  consist  in  slightly  alteiing  the  fonn  of  the  cartridge-stop  and  filiug 
down  surfaces  where  former  trials  showed  too  gi^eat  friction.) 

July  9,  1878. 

The  safety-test  was  complied  with  by  Mr.  II.  A.  Lewis.  Tune,  3*) 
seconds. 

The  action  of  the  breech-block  was  iiTCgular,  difficulty  being  ex^H*- 
rienced  in  closing  it. 

I. — Eajyidity  with  accuracy. 

As  a  magazine-gun,  18  shots  were  fired,  of  which  10  stnick  the  tar^jet; 
5  cartridges  remained  in  the  magazme.  The  breech-block  caught  awl 
could  not  be  closed.  The  difficiUty  appeai'ed  to  be  in  the  magaziiie- 
8i)rrng,  which  was  too  weak  to  force  the  cartiidges  forward  beyond  tlm 
face  of  the  breech-block  against  the  cartridge-stop.  The  result  was  tliat 
the  upper  front  edge  Of  the  block  was  forced  into  the  side  of  the  ciir- 
tridge  and  the  further  operation  of  the  block  checked. 

Gun  withdi^awn  by  exhibitor. 


liewis-Rlce  Iflai^aziiie-Oan,  No.  90. 


(Does  not  differ  in  construction  fi'om  Ko.  16.  Xew  magazine-s]m«jr 
substituted.) 

SYNOPSIS  OF  TESTS. 
August  8,  1878. 
The  safety-test  was  complied  with  by  Mr.  R.  T.  Hare.    Time,  2G  seooiuls 

I. — Rapidity  with  accuracy. 

As  a  magazine-gun,  24  shots  were  fired,  of  which  20  struck  the  targi^t; 
6  cartridges  remained  in  the  magazine.  The  breech-block  caught  once, 
but  was  soon  staited. 

As  a  single-loa<ler,  31  shots  were  fired,  of  which  24  stnick  the  target. 

II. — Rapidity  at  will. 

As  a  magazine-gun,  18  shots  Avere  fired  j  1  cartridge  remained  in  tlie 
magazine. 

As  a  single-loader,  21  shots  were  fired ;  1  cartridge  remained  in  the 
chamber. 

III. — Endurance. 

Some  catching  of  the  breech-block  occiured  during  this  test. 

IV. — Defective  cartridges. 

Great  escape  of  gas  at  each  round. 

After  first  tire  the  receiver  was  found  burst  through  just  oi)posite  the 
extractor. 
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Magazine  did  not  feed  properly  at  commeuceiueiit  of  firing;. 

Breed i-bloek  worked  hard.  Shells. could  not  be  extracted  without 
great  difficulty. 

Gun  worked  so  unsatisfa^^torily  that  the  Board  discontinued  the  test 
before  the  second  dusting. 

The  recorder  was  directed  to  notify  the  owners. 

Gun  \^'ithdrawn. 


Rassel  Mai^azinc  for  Hctehkiss  Gun. 

(Wooden  model.) 

This  magazine  is  intended  to  provide  a  continuous  supi)ly  of  cartridges 
by  the  insertion  of  tin  boxes  containhig  5  cartridges  each  in  the  chan- 
nel A  in  the  butt-stock.    Plate  XIX. 

Ea<3h  box  contains  a  spiing,  B,  which  assists  gravity  in  producing  a  rapid 
descent  of  the  cartridges.  The  feeding  apparatus,  Fig.  2,  is  a  combhia- 
tion  of  a  ratchet  and  spiral  spring.  To  the  inside  of  the  magazine-tube 
springs  C  are  secured  by  solder.  The  opposite  side  of  the  tube  is  slotted 
for  the  reception  of  the  sliding-bar  or  ratchet  I>,  to  which  springs  are 
attached  in  a  similar  manner.  Pivoted  to  the  bar  is  an  arm  E,  Figs.  1 
and  3,  at  the  front  of  which  is  a  projection,  F,  over  which  hooks  a  corre- 
si>onding  projection,  G,  on  the  breech-bolt.  When  the  breech-bolt  is 
withdrawn  the  arm  and  ratchet  are  compelled  to  move  with  it  until  the 
projection  F  rides  under  a  beveled  shoulder  at  the  end  of  the  groove  in 
which  it  slides,  when  the  arm  is  released  and  the  magazine-spring  re- 
turns it  and  the  ratchet  to  their  first  i>osition.  It  will  thus  be  seen  that 
the  ratchet  is  moved  automatically,  being  dra^Ti  back  by  the  bolt  and 
retiu'ned  by  the  magazine-spring.  When  the  ratchet  is  withdrawn  eaeh 
sirring  connected  with  it  passes  behind  the  head  of  the  cartridge  next  in 
rear  of  it;  when  returned  the  cartidges  are  carried  forward,  the  2d 
replacing  the  Ist,  which  will  have  entered  the  chamber,  the  3d  the  2d^ 
and  so  on. 

This  magazine  cames  9  cartridges. 
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Synopsis  of  additional  supplementary  tests  for  ascertalnlni^  the 
liability  of  accidental  explosions  In  mafi^azlnes. 

The  tests  were  eoiulueted  for  the  piirj-wse  of  ascertaining : 

I.  The  liability  of  explosion  of  cartridges  in  magazine  resulting  from 
trotting  or  double-quick  motion. 

II.  The  liability  of  explosion  of  eartiidgos  in  magazine  resulting  from 
the  manual  exercise  (order  arms)  or  accidental  dropping  of  the  piece. 

ill.  The  liability  of  explosion  of  eailiidges  in  nmgazinedue  to  inertia 
of  the  colmnn  of  cartridges  when  the  piece  is  tired  and  when  the  maga- 
zine loaded  is  lield  in  reserve. 

FIB  ST  TEST. 

The  test  applied  to  ascertain  the  etfect  due  to  a  trotting  or  double- 
(piick  motion. 

A  cal.  0".r>8  rifle,  Ixired  out  to  cal.  0''.C3  and  used  as  an  artificial  maga- 
zine, is  represented  at  Fig.  o,  Plate  XXI.  In  the  bottom  of  the  barrel  is 
an  ordinary  sjnral  magazine-spring  with  follower,  the  cartridges  placed 
ui>on  the  s])ring  in  same  manner  as  in  ordinary  magazine  fire-arms. 

The  weight  of  the  artificial  magazine  or  gun  was  7^  pounds.  The 
housing  of  the  magazine  is  lifted  up  in  its  fi*ame  by  a  i)eculiar  crank-mo- 
tion communicated  to  it  by  means  of  a  leather  belt.  The  housing  falls 
of  its  o>m  weight  a  distance  of  '>'}  inches,  oO  strokes  per  minute.  Weight 
of  artificial  magazine  and  hcmsing,  19  jmunds. 

The  cartridges  in  the  test  wei'e  jolted  in  magazine  for  one  hour,  both 
with  and  without  the  sjuing  in  the  magazine;  no  explosion  resulted. 
The  bottom  bullet  was  flattened  considerably,  as  shown  by  line  a  a.  Fig. 
1,  Plate  XXI,  and  the  remaining  bullets  flattened  proxmrtionally  to 
w  eight  of  column  resting  on  them. 

The  substitution  of  shari^-pointed  steel  plug  for  bottom  bullet  (see 
Fig.  2),  and  the  same  jolting  test  as  above  applied,  was  attended  with 
same  result,  except  that  an  indent  in  bottom  cartridge  was  made  by 
l)oint  of  plug  similar  in  appearance  and  (piite  as  deep  as  the  indent 
made  by  firing-pin  on  a  dununy  cartridge;  no  exjdosion  resulted. 

SECOND   TEST. 

The  nmgazine  weighted  9  p<mnds,  and  droppe<l  20  feet  as  specified; 
no  explosion  resulted  when  the  cartritlges  with  bullets  wei*e  used ;  the 
bullets  were  slightly  flattened,  the  bottom  bullet  of  column  to  the  line 
b  bj  Fig.  1. 

Substituting  steel-jMunted  plug  with  the  spring  in  magazine  for  the 
bottom  caitridge,  exi)h>sion  resiUted,  and  the  dummy  shell  with  pointed 
plug  was  altered  in  shai>e  from  Fig.  2  to  Fig.  .'5.  The  lH)ttom  cartridge- 
shell  was  melted,  and  its  bullet  found  in  the  magazine  badly  upset,  as 
shown  at  Fig.  4.  All  other  cartridges  were  lost — tnther  exploded  or 
shot  out  of  magazine. 
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THIRD  TEST. 

With  tlie  Remington  arm  (magazine  loaded  and  cut  off),  spring  in 
front  of  column  of  nine  cartridges,  no  explosion  resulted  from  inertia 
due  to  shock  of  firing  100  cartridges;  bottom  bidlet  slightly  flattened. 

HOTCHKISS  GUN. 

(Magazine  loaded  and  cut  off.) 

Spring  in  rear  of  column  of  five  cartridges,  no  explosion  i^esulted  from 
firing  100  cartridges;  bottom  bidlet  very  slightly  flattened. 

The  line  c  c,  Fig.  1,  shoTvs  the  degree  of  necessary  compression  of 
point  of  bullet  in  order  to  prevent  its  bearing  upon  the  priming  spivt 
in  center  of  cartridge  shell;  140  pounds  dead  weight,  or  dropping  the 
cartridge  sixteen  times  through  a  height  its  own  length,  the  point  t>f 
bullet  striking  on  hard  surface,  expresses  the  forc^  necessary  to  readi 
this  limit  of  safety. 
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TARGET  RECORD  OF  AMMUNITION  UPgET  IN  MAGAZINE-TUBE,  AT  500 

YARDS. 


Frank/ord  arsenal  eervke-rifle  cartridges. 

Winchester  Repeating  Ai^ia  Companies  service- 
rijle  cartridges. 

1. 

1. 

No. 

A. 

B. 

R. 

// 
36 

II   1 

A. 

// 

.^6.9 

B. 

R.         L. 

No.    A.     B.     R. 

1 

L. 

// 

io 

A. 

1 

■      7.1 
•    20.1 

B. 

R. 

It 

L. 

1 

1 
«      « 
SI    

1  _  -  _  .  _  . 

35.f    

2i 

1        1 
1   //      // 

l'....i    1 

1 
II 

13 

II 

II 
3  2 

2       4 

2  'i..r...,!  10. i 

2  '  12 

3  1 

26.2 

3 

23 
in 

4    1     10.9 

i\ 

1   17      14 

8.9 
9.9 

•i:9* 

""8.'8 

"'7.' 8' 

2.2 

4 

6 
6 

1    4.1 

.  1.5.1 

10.1 

4 
5 
6 

I   18      13 

3.2 

5  ;.... 

6  1    A 

1 

.... 

■'8 

7f' 

...    •>i 

23 

10 

23 

.... 

31.1 

i6. 2 

7 

2 

1A 

2 

12.1 

7     11 

*>j. 

10  1 

8 

p 

3    '       i.9 

3^ 

8  i 

0    .... 

9  ' 

6     16  I 

1      2.1 

.2 

0     16 

1 
1 . . . 

18  1 

1.9 

18$ 

31     34 

22.9' 
35.9 

'    i7.8 

1 

10  1    M 

iase 

(itb 

u  ta 

rget. 

1 

1 

10 



44     35 

1 

;i27   232 

!8. 1  'I6.  2 

1 

■  •  •  ■ 

41 

18.8 

Il28 

1 

44 

41 

-  •  •  • 

51.6  '  5L5 

43i  ;    43| 

46 

79.5 

79.5 

51.2 

51.2 

C.I. 

14.1 

•  ■  •  • 

M.  BL  D.  9.63 

M.A.D.  15 

C.I. 

1 

M.  H-  D.  10.2 

H.  A.  D.  19 

M.V.D.11.5 

M.V.D.15.9 

! 

3. 

2. 

No. 

A.     B.  1  R. 

L. 

// 

27 
11 

•  ■  «  ■ 

A, 

B.    1     R. 

L. 

No. 

1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

A. 

// 
13 

■  •  •  ■ 

"3 
1 

"l' 

B. 

ie' 

18 

R. 

// 

13 
13 

L. 

It 

1 

A.        B. 

R. 

// 

L. 

1 

16 
10 
29 

// 

II 
6 

4.5 

II 

II 

II 

1.3 
34.3 
18.3 

II 
25.1 

II 

II 
6.6 

2 

"i:5i::::::: 

3.9 
5.9 

5.6 

3 

17.5 

' 

16.6 

4 

25 

.... 

'  11 

4 

13.5    1      3.7  , 1 

i     6 

|i   i5.  i 

12.6 

5 

12 
25 

.r* 

! 

3.3 

1«.3 

"i.'s" 

1    a 

....|i     13.1 

1 

10.6 

6 

11    ■     13.5 

61 

40 
6 

15 

48.9 

2L4 

7 

14 



1  31 

2.5 

"2i.'5* 
3.5 

23.7 

1      19.1 

12.6 

8 

....'  io     6 

8    ....    28 
U  !  36 

1 

12.1 

3.6 

9 

26.7    1 

1  39 

26.9 


37.4 
8.4 

10 

25.5       28.7    

•   •  •   • 

11  f  27 

\ 

i.  i 

( 

139 

24 

122 

49 

52 

52 

76. 8     76. 8 

24 

145 

lae;....; 

lo.  Ul  .  .  .  • 

1 

85.6 

85.6 

67.2 

67.2 

C.I. 

lL5t.... 

7.3 

*  *  ■  • 

M.  H.  D.  15.4 

M.  A  D.  18.6 

CI. 

12.1 

M-  H.  D.  13.5 

M.  A.  D.  21.8 

M-  V.  D.  10.4 

1 

M.  V.  D.  17.2 

1 

3. 

3. 

No. 

1 
A.  1  B. 

R. 

L. 

II 
10 

A. 

B. 

R. 

L. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

A. 

// 
28 

•  •  •  • 
>  «  •  • 

2 
4 

's 

B. 

// 

is* 
3 

6 

R.  , 

18 

L. 

II 

"i' 
7 

A. 

B. 

R. 

L. 

1 

II 
16 

« 

II 

4.8 

II 

II 

// 

II 
32 

II 
""9 

II 
12.7 

II 

2 

24 

7 
17 

11.2 

12.3 

3 

14    .... 
25 

.... 

2.8 
13.8 

i 

12.3 

4 

8  i 

2 

2.7 

4.7 

2.7 

23.7 

**3.'7' 

5 

9 

2.2 
11.2 

8     10 

4 

""u 

6 

2 

is 

"9.8* 
5.8 
17.8 

>  ■  •  ■ 

if 

•  ■  •  ■ 

35 

8' 

fi 

7 

.... 
21 
17 

29    .--.'i          8  I 

g 

10 

'9 

6  1 

.... 

11  3 

9 

1 

1 

■■••"* 

10 

IQ 



7 

30.2 

9  '1 

14.3 

1 

131     19 

60  j 

31 

54.8 

54.8 

46.4  1  46.4 

1 

42 

82 

82 

29 

59  ;      59 

50.2 

50.2 

C.I. 

11.2.... 

1 

2.9 

. .. . 

M.  H.  t>.  9.3 

M.  A.  D.  14.4 

C.I. 

■  •  ■  > 

4 

5.1    ....1 

1 

M.H.D.  10 

M.  A.  D.  15.ff 

M.V.D.11 

M.  V.  D.  11.8 
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PLOTTED  TARGETS. 

[Scale  i  inch  to  the  foot] 


n.     1  r    J  J  'ji         A  •  1  JThivheffUr  Beneatinq  Annti  Comnanies  tffrrict- 

FranJiford  arsiNal  ttcrvicc-nffe  curtruhjcis.  ^  ^-ji^  cartr'ula&i. 


4 U_ 


i 1 — r— r 


— ' — r 
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!       I 
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I      '  •. 
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-+— I — -i — t- 


I     .    I 


I     I 


H — r 


■< h 


^ 


5 


r-rr 


■  --*- 


1      I 


<s-r- 


J 


■»-^ 


I     I 


t     I 


k 


t-T 


4-,-4 


I    I    > 


15 


iJ_4 


-I 


J 


-»—  T 


1-^^1 


1-1— 

1 

►           -       J-                   T 

j           1 

1 

t 

^;j 

1^    i      1     , 

1 

'     ' 

i 

1               « 
.-           ^                ■• 

• 

,  1 

1 

1 

1 

- 

; 
1      1 

'  i._. 

L, 

J       '    i    '    1 

. 

'     1 

1 
1 

— 

1 

1 

r 

i    1    1 

p 

1      1     1     1 

1        '       ■       ! 

*■  -  1 

1 
1 

;  i  !  ,  ! 

'     !     ' 

■         1     ! 

1                                  '                                   1 

r       1      :       f      I 

1 

1      1            '1 

-      »—  t—  •  —  4- - 

— _ 

rrT>- 

1 
I      .. 

1 
\ 

> 
1 

1         '  • 

1                  1 

r 

'    1    t    1 

1 

r-,    ■ 
1        1 

Point  of  siyht :  Cfiit^r  of  target. 

Wind:  Stiff  breeze. 

Direction :  Left  ami  front. 

How  ttred :  Muzzle  rent. 

By  whom  tired :  K.  T.  Hare. 

Onieer  in  charge :  John  E.  Greer,  first  lieut<»naut  of  ordnance,  fnited  States  Army 
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TARGET   RECORD  OF  AMMUNITION  UPSET  IN  MAGAZINE-TUBE,  AT  500 

YARDS. 


Vnion  Metallic  Cariridge  Compa}iy\  service 
rifle,  cartridgett. 


1. 


No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


C.  I. 


13 
8 
41 
25 
10 
25 
38 
12 
7 
20 


208 
20.8 


B. .  R.  I  L. 

n     ^  If    \     If 

...I  35  1... 

...'  13  t... 

..."  14    ... 


A. 


// 


11 
I 


20.2 
4.2 


18 
11 


6 
6 


■     It 

.'    7.8 
12.8 

I 

i.  8  . 


R. 


It 

25.  3 
3.3 
4.3 


4.2 
17.2 




1.3 

8.8 
13.8 

.8 

"as" 

1.3 

109  I  12  ,     45.  8  ;  45.  8       43.  8 


United  States  Cartridge  Company^s  service- 
rifle  cartridges. 


3. 


B.    R.     L. 


B. 


/» 


9.7i....;  M.H.  D.8.  8   M.A.D.  12.7 


M.V.D.    9.2 


C.  L  120.  3 


1     11 


.    20 


5 


.'.'.  16.7 
1  I  12. 7 
...        8. 7 

7*     '.'.'.'.'.'.'. 

.. .  .  / 

1.  7 


1.3  I    40.2 
3.2 


20 
36 

1  I 
26     3. 7 


21.3 
13.  3  I 


8.3 


3.2 
19.2 


9.2 


L. 


// 


17.8 

U.8 

5.8 

23.8 


IS.  8 


1    176 
....16.8 


44.  2     44. 2 


75.0 


7&0 


M.H.D.15. 


M.  Y.  D.  8.  8 


M.  A.  D.  17. 4 


9. 


No. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


A. 

B. 

R. 

n 

II 

II 

22 

. . . . 

25 

25 

10 

23 

17 

18 

32 

12 

23 

27 

33 

25 

8 

42  '....!  20 

6 

•  •  •  • 

13 

L. 


// 


14 


15 


249 


C.  L  24.91. 


.132 
.  10.  3 


29 


A. 


// 


.1 


7,1 


8.1 

.1 

17.1 


B. 


2.9 


R. 


1.9 
6.9 


II 

15.2 

.2 

7.2 


1.9 


2.2 

17.2 


18.9 


10.2 
3.2 


32.  5     32.  5 


56.4 


M.  H.D.  13. 5    M.  A.  D.  21.  8 


// 


23.8 


24.8 
1.8 


d. 


No.     A.  I   B.    R. 


" 

" 

II 

13 

8 

27 

12 

*  •  •  • 

31 

27 

23 

— 

25 

7 
17 

7 

10  ' 

L. 


i  22 


1 

o 

•■ 

3 
4 

5 
6 
7 

8  Mislsed    tar|tfet 

9  Missed    tar].t;et 
10    Mi«  sed     tar  get 


II 
9.3 


8.3 
23.3 


3.3 


IL  7       13. 7 
17.7 
9.7 

'3."  7 


28.7 
3.7 


50.4  I 


59  ,  33    115 


M.V.  D.  17.  2 


3. 


No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


// 

8 
15 

8 
25 

1 
Mi8 


B.    R. 


// 


// 


B. 


R. 


// 
10 


Misified 

. . . .    66 
Mialsed 


6 

11 

4 

7 

Hed     tar 
tar 


Mis 


tar 


pet 

g«*t 

7 

get 


C.  L 


57 


aed  '  tar  get 


II 

9.5 

II     16. 5 

I      9.5 

<i    26.5 

2.5 


66  '  28 
L5,1.8 


17 


64.5 


n 


4.2 
9.2 
2.2 
5.2 


64.5 


64.  5  i    20.  8 


II 
11.8 


8.8 


C.  L  '  3. 7 


13.3 


'>i 


44.2 


44.1  I    44.8 


e.3 


44.0 


M.H.D.12.7    M.  A.D.17.9 


;M.V.D.12.6 


3. 


No. '  A. 


I   " 

1  ,Mi» 

2  '... 

3  15 

4  ... 

5  '    1 

6  .... 

7  I    6 

8  ... 

9  Mis 
10  !. 


20. 


«l 


22 


M.H.D.4.1  'M.A.D.22. 


M.V.D.21.6 


I 


C.L 


B. 

1 
R. 

II 

II 

sed 

tar 

21 

18 

•  •  a  • 

15 

14 

2' 

>  •  ■  • 

10 

60 

15 

28 

23 

stnl 

tar 

61 

.... 

184 

83 

20.  2 

5.5 

// 


34 


35.2 

6.2 

21.2 


26.2 


get. 


5  , 


39   <    88.8 


4.5 
39.8 

9.5 

7. 8  :    17. 5 


40.8 


89. 2  ,    53. 5 


// 


3.6 
'39.'5 


10.5 


53.5 


M.H.  D.  13. 4 


M.  A.  B.  2&  9 


M.  V.  D.  22. 2 
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PLOTTED  TARGETS. 
(Scale  i  inch  to  the  foot.) 


Union  Metallic  Cartridge  Company's  service- 
rifle  cartridge. 


United  Stxites  Cartridge  Company**  serrin- 
rifle  cartridge. 
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1 
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1 
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1 

1 

T 
1 

; 

1 

1 

1 
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1 

1 

f 

/ 

^ 
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• 
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! 
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i 
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> 
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• 

• 

* 

Point  of  sight:  Center  of  target. 

Wind:  Stiff  breeze. 

Direction :  Left  and  front. 

How  tired:  Mnzzle  rest. 

By  wbomflred:  K.  T.  Hare. 

Officer  in  charge:  John  £.  Greer,  first  lieutenant  of  ordnance,  United  States  Army. 


EBPOET   OP   THE  CHIEF   OF   OEDNANCE.  .519 


INDEX  OF  APPENDIX  T. 


Page. 

Rei)ort  of  board 400 

Docket 451 

I*roceedin^9  of  board 451 

Classification  of  arni» 473 

Hotchkiss,  No.    9.     Dewriptiou  of 475 

Tests  of 476 

llotcbkisS;  No.  12.    Description  of 477 

Tests  of 478 

Hotebkiss,  No.  18.    Description  of 479 

Tests  of 479 

Ilotckbiss,  No.  19.    Description  of 479 

Tests  of 479 

Remington,  No.  17.     Description  of 4H1 

Tests  of 4^2 

.Sbai-ps,  No.  3.     Description  of 4^4 

Tests  of 4'!<5 

Sbari)s,  No.  5.     Description  of '. 4H6 

Tests  of Am 

Sliarps,  No.  8.    Description  of 4>^ 

Tests  of 4f?r 

Franklin,  No.  1.    Description  of 4^*^ 

Tests  of 4e9 

Ward-Burton,  No.  2.    Description  of 490 

Tests  of 491 

Burton,  No.  11.    Descrijition  of 492 

Tests  of 492 

Lee,  No.  25.    Description  of .'. 493 

Hunt,  No.  4.    Description  of 493 

Wincbester,  No.  13.    Description  of 494 

Tests  of 495 

Burgess,  No.  22.    Description  of 497 

Te«t«of .• 497 

Burgess,  No.  23.    Description  of 498 

Tests  of 498 

Tiesing,  No,  21.    Description  of 500 

Test*  of 500 

Cbaffee,  No.  26.    Description  of 501 

Tests  of 502 

Biiffington,  No.  7.    Des<'ription  of « 502 

Tests  of 503 

Bnffington,  No.  10.    Description  of 503 

Tests  of 503 

Springfield-Miller,  No.  15.    Description  of 504 

Tests  of 505 

Springfield-Clemmons,  No.  24.    Description  of 506 

Tests  of 506 

Springfield-Clemmons,  No.  27.    Description  of 506 

Tests  of 506 

Lewis-Eice,  No.  6.    Description  of 507 

Tests  of 508 

Lewis-Eice,  No.  14.    Description  of 508 

Tests  of 5(»9 

LewiB-Eice,  No.  16.    Description  of 510 

Tests  of 510 

Lewis-Eice,  No.  20.    Description  of 510 

Tests  of 510 

Enssell  magazine  for  Hotebkiss  gun 511 

Table  sbowmg  weigbts  of  guns,  number  of  cartridges  carried,  &c' 512 

Synopsis  of  tests  of  cartri<lges  in  magazine 513 

Target  record  of  cartridges  jolted  in  magazine 515 


i 


PLATE  II. 


Fig.  2. 


Aaoamfuajbig  Appaidis  T,  1898 


I 


PLATE   III. 


Fig.  2, 


Fig.  6. 


O 


ZL 


Fig.  5. 


.© 


AooanpuTine  Appendix  T.  1878 


1 


PLATE  IV. 


AoooBipi&jing  Appndix  T,  1878 


PLATE   V. 


AooonptaTiiig  Appaidix  T,  1678 


PLATE  YI. 


H 


Aooompanying  Appeodiz  T,  1876 


PLATE  VII. 


X\\^<vS^\\\\\\\V^^^^^ 


W*^ 


^jfrrw 


*>fffpi»3}3n}3}i^njL 


T^ 


i£ 


ifloonptiiTiag  Appandiz  T,  1878 


il 


n 


PLATE  VIII. 


L 


r 


immifmitu  Mfulbi  X  Wn 


PLATE   IX 


I1g.3. 


/■' 

^  A 

-^       // 

^^  // 

C              A                  /I 

^ 

■w/////////////y///// 

■n//w//////mv//. 

looonpanying  Appndiz  T,  1878 


;.^ 


a 


TOBpunTing  Appendii 


PLATE  XI. 


Fig.  6. 


(S^^=? 


Fig.  7. 


i^m 


1 1  •    II — 


I  ■  \    '•  \     " 


E 


U 


AooaiiiMajriog  Appendix  T,  1878 


PLATE  Xll 


cx^x^^^^^^^^^^^^^^^i^^^^^^m^ 


^ 


^  J  ^  ^    ^  ^^. 


looonpaayiikg  Appendix  T,  1878 


PLATE   XIll 


Afioompuijriiig  Appendix  T,  1678 


PLATE  XIV. 


Pig.  7. 


r^ 


m 


i 11^ 


PLATE  XV. 


i 


jkooonpaayiiig  Appendix  T,  1878 


PLATE   XVI, 


PLATE  XVII 


Afioomptnying  Appendix  T.  1878 


f 


PLATE   XVIII 


Y///y////y////M 


^^<^KKKKKK^KKKKKy<-^ 


y 


^^vvv^^v'.^^^^^^vl 


AooompuTing  Appendix  T.  1878 


^.2. 


PLATE   XX. 


LEGEND. 


fig.  1.— Bolt  looked,  handle  vertical. 
Fig.  2.— Bolt  imlocked,  handle  horizontal. 
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